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607. WINTER FEEDING OF DAIRY COWS 


I. THE INFLUENCE OF LEVEL AND SOURCE OF PROTEIN AND OF THE 
LEVEL OF ENERGY IN THE FEED ON MILK YIELD AND COMPOSITION 


By W. HOLMES, R. WAITE, D. 8. MacLUSKY anp J. N. WATSON 
The Hannah Dairy Research Institute, Kirkhill, Ayr 


(With 1 Figure) 


In an exhaustive survey of Danish and American feeding experiments, Yates, Boyd & 
Pettitt (1) concluded in 1942 that the energy of the food was used with maximum efficiency 
by dairy cows, when the production ration fed per gallon of milk (3-7 °% fat) contained 
2-8-3-0 lb. starch equivalent (s.£.). This is 12-20% above the common British standard of 
2-5 Ib. per gallon recommended by Woodman (2). They pointed out that at the prices then 
prevailing economic efficiency was also improved by the higher rate of feeding. In the 
same year, Jensen, Klein, Rauchenstein, Woodward & Smith (3) reported somewhat similar 
work in the United States, with similar conclusions. More recently, surveys of feed con- 
sumed in dairy herds in relation to feeding standards have been reported in which the actual 
amounts eaten exceeded the Woodman standards by 10-20%. This was found, for example, 
by Clark & Bessell (4), and similar observations have been made over a period of several 
years at this Institute. 

These high rates of feeding have sometimes been adduced as evidence of the inefficiency 
of feeding methods, but more probably they are practical confirmation of the con- 
clusions of Yates et al. (1). The question of the most profitable level of feeding is of particular 
importance since at present in Britain the price received for 10 lb. milk in winter would 
purchase 12-16 lb. concentrates, sufficient for 30-40 lb. of milk according to normal 
feeding standards. As Jawetz(5) has pointed out, the level of feeding at which the energy 
of the food is used with greatest efficiency may not be that of highest economic efficiency. 
He has suggested, on the basis of the work by Yates et al. (1) and Jensen et al. (3) and from 
his own results, a sliding scale of feeding standards which allows increasing rates of starch 
equivalent and protein equivalent to be fed per gallon for average yields varying from 
450 to 1000 gal. Despite these facts the energy standards of Woodman @) for milk produc- 
tion are still rigidly accepted by many advisers. Protein requirements have received less 
intensive study, and although in 1939 Wright (6) stated that there was no advantage in 
feeding protein above the normal Woodman standard, and suggested that it could even 
be slightly reduced, it is commonly held by farmers that an increased protein content in 
a ration has a milk-stimulating value. 

In all the experiments referred to attention was directed mainly to milk yield, and 
where chemical analysis of the milk was made it was frequently confined to fat content. 
The relatively small changes in the contents of fat and non-fatty solids in milk that 
resulted from feeding different rations all containing large amounts of roughage, gave 
rise for many years to the impression that feeding had little effect on milk composition. 


The incorrectness of this view was shown by Rowland(7) in 1946, when he investigated 
1 Dairy Res. 23 
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the effect on milk composition of rations deficient in energy and protein content com- 
pared with a normal ration. A ration containing 25% less energy than normal reduced 
the solids-not-fat (s.x.F.) content of the milk from 8-7 to 8-3%, whereas one with 40% 
less protein equivalent than normal reduced it to only 85%. In both instances the 
fraction of the s.n.F. chiefly affected was the crude protein (N x 6-38), although lactose 
was also slightly depressed. 

Since further information on milk-yield responses to high planes of nutrition was 
desirable, and since information on their effect on milk composition was scanty, a series 
of experiments was designed to assess these effects when rations considerably in excess of 
Woodman’s standards were fed. Two complementary experiments are reported here. In 
the first, concentrates with varying levels of digestible crude protein (D.c.P.) and a 
constant starch equivalent were fed. In the second experiment the p.c.P. was held 
constant and the s.£. was varied. In view of the interest in the relative merits of home- 
grown and purchased protein-rich concentrate, a comparison of these sources of feed was 
included in the first experiment. 


EXPERIMENTAL 
General description applicable to both experiments 


Ayrshire cows of the Institute herd, calved mainly in November and December, were used 
in experiments lasting from January to April in two successive years, 1953 and 1954. The 
cows were housed in a byre and allowed a brief exercise walk when the weather permitted. 
Both in 1953 and 1954 the average lactation number of the groups was five; none of the 
cows was in her first lactation. Eight of the twelve cows used in 1953 were used also in 
1954. 

Both experiments were carried out with twelve cows, forming four 3 x 3 complementary 
Latin squares as described by Cochran, Autrey & Cannon(8). Each cow spent 4 weeks on 
each ration, but in assessing the results only those obtained in the last 3 weeks of each 
4-week period were considered. Basal rations of dried grass, hay and roots were fed in 
amounts related to the live weight of each animal to meet the requirement for main- 
tenance and the first 51b. milk/cow/day in Exp. 1, and for maintenance and the 
first 7-5 lb. milk in Exp. 2. To avoid any differences in the amount of feed offered 
the experimental rations were fed as concentrate mixtures of varying composition. The 
general level of rationing was 10-15% more liberal than that suggested by Woodman (2). 
Equalized feeding ®) of concentrates based on the average decline in milk yield of each 
subgroup was adopted to minimize differences between rations. Rations were adjusted 
on this basis in the first week of each experimental period, and were not altered during the 
remaining 3-week period so that cows had time to become adjusted to each ration. All 
feeds and feed refusals for each cow were weighed. Samples of the feedingstuffs used in each 
experimental period were taken weekly and a composite sample analysed for crude protein 
content. The feeds used throughout the experiment were drawn from the same batches. 

The cows were milked twice daily, and the milk weighed to the nearest 0-25 1b. at each 
milking. The cows were weighed once a week immediately after morning milking. Samples 
for chemical analysis were taken for each cow from consecutive evening and morning 
milkings once a week and mixed in proportion to the yields. The milk of each cow was 
analysed for total solids, fat, crude protein (total N x 6-38), casein and lactose. Total 
solids were determined gravimetrically, fat by the Gerber butyrometer and the B.S.S. 
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no. 596 method, total N and casein N by Rowland’s methods (10), and lactose by chlor- 
amine-T using Rowland’s modification (11) of Hinton & Macara’s method (12). As a check 
on the health of the udder of each cow a differential cell count (13) was made on every 
sample of milk by Dr P. 8. Blackburn, M.R.C.V.S., of this Institute. 

From the record of the weights of feed eaten and their assumed nutritional value, the 
amounts of s.E. and D.c.P. consumed by each cow in each period were calculated. In 
comparison, an estimate of the s.u. and D.c.p. required by each animal according to the 
Woodman standards for each period was made from its average live weight, milk yield 
and the fat percentage of the milk. The actual consumption expressed as a percentage of 
the Woodman standards was taken as giving the degree of over- or underfeeding. An 
example is given in Table 1. 


Table 1. A comparison of the actual consumption of food with the calculated 
standard requirements 


(The figures recorded here are for one cow receiving ration B in period 1 of Exp. 1. They give an example 
of what was recorded or calculated for each cow throughout both experments ) 








Assumed composition (%) Quantities eaten in 21-day period (Ib.) 

Feed DM. S.E. D.C.P. Ration fed D.M. S.E. D.O.P. 
Hay 84:8 33-0 3-0 105 89 35 3 
Dried grass 90-0 54-2 11-2 179 161 97 20 
Concentrate ‘B’ 87-0 63-5 17-0 444 386 284 75 
Fodder beet 17-0 9-2 0-75 252 43 21 2 
Swedes 11:3 7-4 1-1 378 43 28 4 
Total 722 465 104 

Daily consumption 34:4 22-0 5-0 

Actual production 

Average weight 1068 lb., 21 days’ maintenance 131 14 
Milk yield 1166 lb. at 3-7% fat 292 70 
423 84 
The amount consumed as a percentage of the standard 110 124 


EXPERIMENT 1, 1953 


In this experiment a comparison was made between a home-grown concentrate of 18-6 % 
crude protein (c.P.) (ration A), a home-grown concentrate of 13°3% co.p. (ration C), and 
a normal commercial ‘balanced dairy mixture’ of 20-3% c.p. (ration B). For ration B 
equal quantities of four different brands were mixed on the farm and eight parts of this 
mixture were mixed with one part of bruised oats. The starch equivalent of all three con- 
centrates was approximately 634. The approximate composition of the rations is shown 
in Table 2. 

After preliminary adjustments of rations in accordance with live weight and fat per- 
centage of the milk of each cow, the experiment began on 18 January and ran for 12 weeks 
till 11 April. Since it was a late spring in 1953, it was possible to return the cows to the 
rations they were fed in the first period and maintain them on these for a further 2 weeks 
before they went to grass. Rations were all eaten satisfactorily with the exception of 
ration C which, in one or two instances, proved unpalatable in the introductory week. 
One or two cows declined in milk yield more rapidly than was expected. Where such an 
abnormal decline took place the concentrate ration for the subsequent period was reduced 
for the particular cow so that its mates in the subgroup of three were not penalized. In 
no case did this procedure seriously affect the level of feeding of the animals. 
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Table 2. The composition of the rations fed in Experiment 1 
Concentrate rations (parts by weight) 


Ration veo gat B 
(home-grown) (commercial) (home-grown) 
3 bean meal 2 mixture P 1 bean meal 
1 bruised oats 2 mixture Q 2 bruised oats 
1 ground barley 2 mixture R 2 barley meal 
1 grass meal 2 mixture S 1 grass meal 


1 bruised oats 


Nutrient content of the concentrate rations (%) calculated from tables, Woodman (2) 


Ration... se A B Cc 
Dry matter 86°5 ca. 86-5 86-6 
Crude protein (c.P.) 18-7 — 13-6 
Digestible crude protein (D.c.P.) 14-5 ca. 17 10-4 
Digestible oil 1-9 — 2-3 
Digestible carbohydrate 45-4 — 48-2 
Digestible fibre 5:7 -- 5-2 
Starch equivalent (s.E.) 63-4 ca. 63-5 63-6 
Actual analysis as fed 
Crude protein 18-6 20:3 13-3 
Daily basal ration for maintenance of 1000 lb.* cow and 5 lb. milk 

Amount fed S.E. D.C.P. 

(Ib.) (Ib.) (Ib.) 

Dried grass 8 4-3 0-88 

Hay 5 1-65 0-15 

Fodder beet 12 1-10 0-09 

Swedes 18 1-30 0-20 

Total 8-35 1-32 


* For each 100 lb. above or below 1000 lb., 0-54 lb. s.z. per day as dried grass was added or deducted. 


Food consumption Results 


In Table 3 the actual consumption of the three rations has been expressed: (a) as a 
percentage of the Woodman standard, and (6) as lb. s.z. and D.c.P. eaten/cow/day. All 
three rations supplied 110% of th: assumed standards for s.x., while there was an increase 
in D.c.P. eaten from 98% of the standard for ration C to 113 % for ration A and 123% for 


Table 3. The level of feeding in Experiment 1 


Standard error 


Ration ... wee A B C of mean 
(a) Total ration eaten expressed as a percentage of Woodman’s standards 
S.E. 110 110 110 +0°9 
D.C.P. 113 123 98 +2-7 
(b) s.e. and D.c.P. eaten (lb./cow/day) 
S.E. 18-3 18-0 17:7 +0:87 
D.C.P. 3-6 3-9 2-9 +0-06 
(c) Concentrates eaten per 10 lb. milk above the first 5 lb./day 
Concentrates (Ib.) 4-56 4-35 4-40 +0-08 
Approximate s.£. (Ib.) 2-89 2-74 2-80 _— 
Approximate D.c.P. (Ib.) 0-66 0-69 0-46 _ 
(d) Average dry matter eaten (lb./cow/day) 
Ration Period 
A 29-4 1 30-8 
B 29-0 2 28-5 
C 28-6 3 27:8 
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ration B.. (It had been intended that rations A and B should contain the same amount of 
c.P. but, as analysed, ration B supplied slightly more protein than ration A.) There were 
no significant differences between periods in degree of overfeeding but there were 
differences between cows in average degree of overfeeding of s.z., which probably reflect 
differences in efficiency of food conversion. 

The amount of concentrates eaten can also be expressed in terms of the weight fed for 
each 10 lb. milk produced, although minor variations in the amount of basal ration eaten 
make these figures only approximate. The values are included in Table 3 (c), and show 
that approximately the same weight of each concentrate was eaten per 10 lb. milk. The 
amount of s.£. fed for 10 lb. milk was approximately 2-8 lb., but barely 0-5 lb. p.c.P. was 
fed per 10 lb. milk in ration C compared with nearly 0-7 lb. in rations A and B. It should 
be noted that a maintenance allowance of 1 lb. s.z. and 0-35 lb. p.c.p. per day higher than 
the Woodman standard was used in constructing the rations. If the Woodman main- 
tenance standards had been used the level of s.z. and p.c.p. fed per 10 lb. milk would have 
to be regarded as being increased by approximately 0-2 and 0-1 lb. respectively. The 
average daily dry-matter consumption shown in Table 3 (d) was equivalent to approxi- 
mately 26% of the live weight. The gradual decline with periods is not necessarily an 
indication of reduced appetite since the concentrates offered were reduced and no alter- 
native bulk feed offered. 


Milk yreld 

The results for milk yield are given in Table 4. Owing to unavoidable differences in 
persistency between cows, the percentage standard error at 7% was higher than normal 
in this type of experiment. The average milk yield/cow/day for the 3-week experimental 
periods on each ration were: ration A, 38-8 lb.; ration B, 39-1 lb.; and ration C, 36-9 lb. 
The effect of adjusting the yields for carry-over effects was negligible. Since the second 


Table 4. The average yield and composition of the milk in Experiment 1 
Milk yield 





(Ib./cow/day) 
\ssttntecsinntniansitin 

Adjusted Milk composition (g./100 g. milk) 

for level r A 

of starch Total Crude 

Ration Actual equivalent solids Fat S.N.F. protein Casein Lactose 
A 38-8 37-9 12-49 3-99 8-50 3-10 2-44 4-47 
B 39-1 39-1 12-38 3°82 8-56 3-11 2-47 4-52 
C 36-9 37-9 12-52 3-96 8-56 3-09 2-47 4-51 
Standard error +0:8 — — +0-05 +0-05 — — — 


of mean 


experiment (p. 6) showed that the level of s.z. intake exerted a strong effect on milk 
yield, an analysis of covariance was carried out to adjust the milk yields for the small 
differences in s.E. This further reduced the differences in milk yield between rations (see 
Table 4). The results of the fourth period confirmed those of the first three. There were 
no statistically significant differences between yields on the different rations before 
adjustment, and the effect of the adjustments further reduced the small differences 
shown. 
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Milk composition 

Table 4 shows the weighted mean composition of the milk of all cows on each ration for 
the last 3 weeks of each period. There were no significant differences in the s.N.F. content 
nor any difference in the figures for either of its two main constituents, protein and 
lactose. The average fat content was slightly but significantly lower on ration B, which 
consisted of purchased feeds. The average stage of lactation was 96 days, and it will be 
seen that the level of the lactose in the milk on all three rations was low. This was partly 
the result of subclinical mastitis which affected one cow in each of the four groups. Even 
when the organisms had been destroyed or checked by antibiotics the lactose contents 
remained low. For the average stage of lactation the protein content on all three rations 
was slightly low for this breed (14) and this, together with the low lactose values, resulted 
in a low level of s.Nn.F. 


Live weight 

There was no difference between the average weight per cow on the three rations; on 
ration A it was 1096 lb., on ration B 1100 lb. and on ration C 1098 lb. (standard error 
+9-4lb.). Live weights were stable throughout the experiment, the mean loss from period 1 
to period 3 amounting to only 4 lb. 


Conclusion 
The results show that the differences in the D.c.P. content of the three rations had very 
little effect on animal production. There was no significant difference between the effects 
produced by the purchased concentrate B and the home-grown rations A and C. If 
allowance is made for the slight differences in s.z. actually fed and for differences in the 
fat content of the milk, the yields of buttterfat were identical for all three rations. 


EXPERIMENT 2, 1954 


This experiment was complementary to the previous one and was planned to compare the 
effect of three different levels of energy feeding whilst maintaining a relatively constant 
intake of digestible protein. The three concentrate rations X, Y and Z were designed to 
have starch equivalents of 59, 67 and 75 respectively, all with about 16% p.c.p. A high 
protein content was provided in the rations to avoid any possible lack of protein. The 
composition of the rations and that of the basal ration for maintenance and the first 7-5 lb. 
milk are given in Table 5. It was necessary to include a large proportion of maize products 
in ration Z to increase the s.E., whilst keeping the oil content of the rations similar to that 
in Exp. 1. 

After preliminary adjustments of rations in accordance with live weight and the yield 
and fat percentage of the milk of the cows, the experiment began on 22 January and ran 
for 12 weeks until 15 April. It was impossible to begin a fourth period since spring 1954 
was then well advanced. No difficulties were experienced, and all the rations were eaten 
with relish. As in the previous experiment, two cows declined in yield more rapidly than 
was expected and the rations had to be adjusted individually for these two animals. 
Otherwise the system of equalized feeding was again used. 
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Table 5. The composition of the rations fed in Experiment 2 
Concentrate ration (parts by weight) 


Ration ... 


Bruised oats 
Barley meal 
Bean meal 

Dried grass cubes 
Maize flakes 
Maize meal — 
Coarse bran 3 
Maize starch os 
Decorticated earthnut cake 1 
Fish meal 
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Nutrient content of the concentrate rations (%) calculated from tables, Woodman (2) 


Dry matter 87:3 87-4 88-4 
Crude protein (c.P.) 18-8 18-5 18-9 
Digestible crude protein (D.C.P.) 15-8 15-7 16-6 
Digestible oil 2-5 2-1 1-9 
Digestible carbohydrate 40-5 47°8 53-9 
Digestible fibre 4:3 3°5 2-5 
Starch equivalent (s.£.) 59 67 75 
Actual analysis as fed 
Crude protein 19-7 19-4 17-6 
Daily basal ration for maintenance of 1000 lb.* cow and 7:5 lb. milk 
Amount fed S.E. D.C.P. 
(Ib.) (Ib)! (Ib.) 
Dried grass 13 7-0 1-47 
Fodder beet 28 2-52 0-21 
Total 9-52 1-68 


* For each 100 lb. above or below 1000 lb., 0-54 lb. s.z. per day as dried grass was added or deducted. 


Level of feeding Results 


The feed consumed by each cow in each period has again been expressed as a per- 
centage of the Woodman standard for s.z. and p.c.p. The results in Table 6 show that 
there was practically no difference between rations in the amount of protein supplied, 
and that all the rations exceeded the standard by about 30%. The s.z. supplied increased 


Table 6. The level of feeding in Experiment 2 


Standard error 


Ration ... “ee x ¥ Z of mean 
(a) Total ration as percentage of Woodman standards 
S.E. 112 117 125 +17 
D.C.P. 131 129 132 +2:8 
(b) s.B. and D.c.P. eaten (lb./cow/day) 

S.E. 18-7 20-3 1:3 +0-21 
D.C.P. 4-2 43 "7 2 +0-05 
(c) Concentrates eaten per 10 lb. milk above the first 7-5 lb./day 
Concentrates (lb.) 4:78 4:72 4:68 +0-11 
Approximate s.£. (lb.) 2-82 3-16 3-51 — 
Approximate D.c.P. (1b.) 0-76 0-74 0-78 —_ 

(d) Average dry matter eaten (lb./cow/day) 
Ration Period 
x 30-2 1 32-0 
¥ 31-0 2 30-9 
Z 30-6 3 28-9 
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from 112% of the standard with ration X to 117% for ration Y and 125% for ration Z. 
As can be seen in Table 6, the weight of concentrate eaten per 10 lb. milk produced was 
virtually the same on each ration at 4-7 lb. but, because of the different starch equivalents, 
this resulted in 2-8, 3-2 and 3-5 Ib. s.z./10 lb. milk being supplied by rations X, Y and Z 
respectively. These figures would be raised by about 0-2 lb. if the Woodman maintenance 
standard were adopted. As a result of the higher levels of feeding the average dry-matter 
consumption was 1-2 lb./cow/day higher than in Exp. 1 and about 2-7% of the live 
weight. 


Milk yield 

The average yield per cow on the three rations is included in Table 7. In this experi- 
ment the percentage standard error of 4-9 was lower than in Exp. 1, and the yield on 
ration X, 38-9 lb./cow/day, was significantly lower than those of 40-6 and 40-9 lb. on 
rations Y and Z respectively. There was no evidence of carry-over effects. Analysis of 
covariance showed that the lower yield on ration X could be accounted for by the fact 
that less s.z. was fed. 


Milk composition 

In Table 7 it can be seen that the different rations had two effects on milk composition. 
Ration Z, the high energy, starch-containing ration lowered the fat content slightly and 
both rations Y and Z produced a small increase in s.N.F. This rise was almost entirely 
accounted for by an increase in casein content. Although the average stage of lactation 
was substantially the same as in the previous experiment (101 days against 96), the 
lactose content in this second experiment was slightly higher and reflects the virtual 
absence of subclinical mastitis. At all times the cell count was low and only four cows 
gave milk with cell counts over 100,000/ml. The crude protein content of the milk pro- 
duced on rations Y and Z was normal for the stage of lactation and that on ration X 
slightly low. The s.n.¥. contents of the milk on all rations were slightly low for the stage 
of lactation and the season of the year. 


Table 7. The average yield and composition of the milk in Experiment 2 
Milk composition (g./100 g. milk) 





= 
Milk yield Total Crude 
Ration _—__(Ib./cow/day) solids Fat S.N.F. protein Casein Lactose 
xX 38-9 12-63 4-01 8-62 3-09 2-43 4-59 
Y 40-6 12-77 4-02 8-75 3-22 2-55 4-58 
Z 40-9 12-52 3°75 8-77 3°23 2-55 4-59 
Standard +06 — +0-05 +0-03 — — = 


error of 
mean 


Live-weight changes 

The average live weight per cow in each period and the average weekly live weight 
per ration in each period were calculated. The average weights for cows on rations X, 
Y and Z, were 1119, 1125 and 1121 lb. (standard error +5 lb.). There was, therefore, no 
consistent difference between the effects of the three rations, although there was a 
suggestion from the linear regression of rations on weeks that there was no gain in live 
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weight on ration X and a gain of the order of 0-2 lb./cow/day on ration Y and 0-6 lb./cow/ 
day on ration Z. These differences, though not statistically significant, probably represent 
genuine trends which might have been more clearly observed if weighing had been more 
frequent or if the experimental period had been longer. 


Conclusion 
Varying the starch equivalent of the ration had a small but significant effect on both 

the yield and chemical composition of the milk. The two higher s.£. rations produced 
more milk with a higher s.N.F. content, and probably resulted also in some live-weight 
gain. 

DISCUSSION 
Since both experiments were carried out with practically the same group of cows at the 
same stage of lactation and at the same season of the year, it is justifiable to consider the 
results together. The average milk production from each ration in relation to s.£. supplied 
above maintenance is plotted in Fig. 1. The results are very similar to curves computed 
by Yates et al. (1). 
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Fig. 1. Starch equivalent consumed and milk yield. 


It should be pointed out that although it was assumed that ration B had the same s.£. 
as rations A and C, this could not be verified owing to the complex composition of ration B. 
In view of this uncertainty it is of interest that if the s.z. of ration B had been 65 rather 
than 63-5, the point for B in Fig. 1 would have fallen on a smooth curve passing through 
the other points. On the other hand, if live weight can be evaluated as milk yield on the 
basis of 1 lb. live-weight gain equalling 10 Ib. milk (as was done by Yates et al.) the adjusted 
results for treatments Y and Z, together with the other results, would then show a linear 
relationship between s.£. input and the energy output calculated from milk plus live- 
weight gain. 
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No allowance has been made for live-weight gain in the calculation of degree of over- or 
underfeeding of starch equivalent. This is almost unavoidable since significant changes 
in live weight can seldom be detected with weekly weighings in 3-week periods. It is 
reasonable to expect that at very high or very low levels of feeding, and depending on 
the individuality of the cow, real gains or losses in weight will occur. This will result in 
discrepancies between the actual amount of s.. fed and the calculated degree of over- or 
underfeeding. For example, in Exp. 2, Table 6, although the daily intake of s.z. was 
18-7, 20:3 and 21-3 lb. on rations X, Y and Z respectively, the degree of overfeeding 
increased disproportionately from 112 to 117 and 125%. This disproportion can readily 
be explained if the gains in live weight suggested in the text are accepted. From this it 
may be implied that as the degree of overfeeding was raised an increasing proportion of 
the additional nutrients was devoted to the production of live-weight increase. 

In drawing conclusions from work of this kind it is important to consider the relative 
costs of s.£. input and milk output. The relevant results for the present experiments are 
given in Table 8. The cost of 1 Ib. of s.z. from each ration at 1953 prices is shown in 
section (a) of the table, where milk is valued at 4s. 1d. per gallon, the average winter price 
in 1953-54. These figures show that at the prevailing feed and milk prices, although it 
gave the lowest yield, the low protein home-grown ration C, by virtue of its cheapness, 
gave the greatest margin over feed cost, and that rations B and Z which were most costly 
per lb. s.z. gave the lowest margin. 


Table 8. The relation between feed costs and the value of the milk produced 


(1953-54 costs, all costs in pence.) 


Ration ... ve ae A B C x 2 Z 
Yield of milk/day (Ib.) 38-8 39-1 36-9 38-9 40-6 40-9 
Value of milk at 4-9d./Ib. 190 192 181 191 199 200 
Basal ration for 1100 lb. cow Basal ration for 1100 lb. cow 


as in Table 2 supplying 9b. as in Table 5 supplying 10 lb. 
s.E./day and costing 34d./day s.E./day and costing 37d./day 





Lg ." c ~ 
(a) At actual cost of starch equivalent in each ration 
Cost/Ib. s.£. 4-4 58 3-2 4:3 4-4 5-1 
s.E. fed above basal ration lb./day 9-3 9-0* 8-7 8-7 10:3 11:3 
Daily food cost above basal ration 41 52 28 37 45 58 
Total food cost/day 75 86 62 74 82 95 
Margin over food cost 115 106 119 117 117 105 


(6) With standard basal ration supplying 9 lb. s.n./day and costing 34d./day 
and uniform costs of concentrates 


Daily food cost above basal ration 37 36 35 39 45 49 
when s.£. in concentrate costs 4d./lb. 

Total food cost/day 71 70 69 73 79 83 

Margin over food cost 119 122 112 118 120 117 

Daily food cost above basal ration 56 54 52 58 68 74 
when 8s.£. in concentrate costs 6d./Ib. 

Total food cost/day 90 88 86 92 102 108 

Margin over food cost 100 104 95 99 97 92 


* If the s.z. of ration B were 65, 9-3 lb. s.£. per day would have been supplied. The margin would have been 
unaltered in section (a) and would have been the same as ration A in section (5). 


N.B. 4d. per lb. s.z,=£23. 14s. per ton of a concentrate with 63-5 s.E. 
6d. per lb. 8.£. =£35. 11s. per ton of a concentrate with 63-5 s.£. 
The optimum economic level of feeding at any given cost of s.£. is of more fundamental 
interest and of equal practical importance. This is considered in Table 8 (5). It seems 
reasonable to assume that the results from feeding greater amounts of s.£. could have 
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been obtained equally as well by feeding more of the concentrate containing the lower 
amount of s.E. as by feeding a concentrate with a higher s.z. content, except at very high 
yields where appetite would be the limiting factor. The present results calculated at two 
costs of s.£. show that the area of maximum profit is within rations A, B, X and Y, with 
a tendency for the higher levels of feeding to be more profitable when concentrates are 
cheap and for the lower levels to be more profitable when concentrates are dear, e.g. when 
concentrates cost 4d./lb., the surplus with ration Z exceeded that from ration C, whereas 
with concentrates at 6d./lb., ration C gave the greater surplus. These figures indicating 
that a level of feeding 110-117% of the Woodman standards is the most profitable in 
winter agree in general with the conclusions of Yates et al. As Yates et al. also emphasize, 
this higher level provides a margin of safety in the practical feeding of dairy cows and 
reduces the risk of individual animals being underfed. Moreover, it has the important 
practical advantage of maintaining good chemical quality in the milk. On the other hand, 
the limited evidence from treatment Z suggests that overfeeding can be readily overdone. 
Even if, in terms of energy, live-weight gain can be equated to milk yield, it is of no 
practical value since small losses in live weight during winter feeding can readily be made 
good on cheap summer pasture. 

Summarizing these results it can be said that if the Woodman standards for main- 
tenance are adopted no advantage in milk yield arose from feeding more than the normal 
standard of 0-5-0-6 lb. p.c.P./10 lb. milk, but that a level of 3-3-3 Ib. s.z./10 Ib. milk of 
38-4-0% fat was justifiable at current winter milk prices. Alternatively, if the Woodman 
level of s.z. for maintenance is raised by 1 lb., as in these experiments, then 2-8-3-1 lb. 
s.E./10 lb. milk was justifiable. 

The method of rationing adopted allowed the cows to become adjusted to the ration 
and avoided variations in the amount of food offered based on short-term fluctuations, 
but it may have resulted in an unnecessary degree of overfeeding since there was a gradual 
increase in the amount of overfeeding from week 1 to week 3 of each period. If, in practice, 
the higher levels suggested above had initially been adopted and the rations had then been 
reduced according to weekly yield, a slight improvement in efficiency of feed conversion 
might have resulted. 

It is interesting to compare the effect on the milk s.n.F. of under- and overfeeding in 
the energy part of the diet. By feeding a ration containing 25% less s.z. than a normal 
one (Woodman’s standard), Rowland lowered the s.n.F. from 8-68 to 834%. In the 
present experiment ration Y provided 9% more s.&. than ration X and raised the 8.N.F. 
from 8-62 to 8-75%, a proportionately similar change. Ration Z, however, although 
providing 5% more s.£. than ration Y, produced no further increase in s.N.F. (Tables 66 
and 7). 

From these results and Rowland’s(7) it appears that the rate of feeding of s.z. is much 
more important than that of p.c.p. when milk composition is to be considered. It is 
probable, therefore, that milk with a chemical composition similar to that obtained on 
rations Y and Z could have been produced with rations lower in protein content. 

In view of the high level of feeding and the smallness of the changes in milk composition 
it would obviously be wrong to overemphasize the effect of the various rations. It may 
be noted, however, that ration B (the commercial mixture containing some maize) and 
ration Z (containing a high proportion of maize) both caused a slight depression in the 
fat content of the milk. 
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SUMMARY 


1. The effect of feeding levels of protein and energy appreciably higher than the Wood- 
man standards on the yield and composition of the milk from twelve Ayrshire cows has 
been studied in two winter-feeding experiments. 

2. In the first experiment the s.z. of the concentrate ration was held constant at 
633 % and the pD.c.P. content adjusted to 10, 15 and 17%. The 10 and 15 % p.c.P. concen- 
trates derived their protein from home-grown feedingstuffs, whereas the 17% D.c.P. 
concentrate was a bought-in commercial mixture. Feeding the three levels of p.c.p. led 
to no statistically significant differences in milk yield, milk composition or live-weight 
gain, although the commercial mixture (17 °% D.c.P.) resulted in milk with a slightly lower 
fat content. 

3. The second experiment reversed the feeding conditions of the first, i.e. D.c.P. was 
held constant at 16°% and three concentrates were fed which contained 59, 67 and 75% 
S.E. respectively. The two rations of higher s.£. content gave significantly more milk than 
the low s.k. ration and tended to give slight increases in live weight. There was a slight 
increase in the s.N.F. content of the milk when the s.r. of the concentrate was raised from 
59 to 67% s.E. This was due almost entirely to an increase in the protein content of the 
milk. There was no further increase in s.N.F. with the 75 % s.g. concentrate, and this latter 
concentrate produced milk with a slightly lower fat content. 

4. Comparison of costs and returns showed that the cheap low protein concentrate, 
ration C, even though it gave the least milk, yielded the highest profit. It was shown, 
however, that at any reasonable fixed cost of starch equivalent the most profitable level 
of feeding above the Woodman maintenance standard was 3-3°3 lb. s.z./10 lb. of milk of 
3-8-4:0% fat. Alternatively, the total ration should be 110-117% of the Woodman 
standard. 


The authors wish to thank Mr P. McInally for attending to the cows, Misses Wilson, 
King, Stevenson and Corrigan for chemical analyses and Miss Macdaid for assistance with 
the calculations. 
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608. WINTER FEEDING OF DAIRY COWS 


II. DRIED GRASS PRODUCED IN SPRING AND IN AUTUMN COMPARED 
WITH OTHER CONCENTRATES AND WITH SPRING GRAZING 


By W. HOLMES 
The Hannah Dairy Research Institute, Kirkhill, Ayr 


The development of grass drying in the late 1930’s and the increased emphasis on the use 
of grass feeds during and since the 1939-45 war led to many studies in the feeding of 
dried grass. The early work was summarized by Watson(1) and showed that dried grass 
is similar in feed value to other feeds of equivalent composition. An approximate method 
of estimating its nutritive value from the crude protein content has been described by 
Watson & Horton). More recently, and since the work described in the present paper 
was done, Dijkstra (3) has summarized work carried out in the Netherlands on the feeding 
value of grassland products, and has published the experiments he has done to compare 
the value of spring- and autumn-dried grass for milk production (4). The present work, 
carried out in 1948 and 1949, gives further information on the subject. 

It is commonly stated that the feeding value of spring grass.is superior to that of 
autumn grass. In 1936, Morris, Wright & Fowler (5) attributed small differences in milk 
yield that occurred in their experiments to a difference in the biological value of the 
protein in the grass produced in spring and in autumn and, in particular, to a difference 
in lysine content. On the other hand, the chemical studies of Chibnall (6) and his colleagues 
suggest that the amino-acid content of herbage is remarkably constant, a fact which was 
also observed by Waite, Fensom and Lovett(7) in studying the content of the basic 
amino-acids in different grasses at different stages of growth and cut in spring, summer 
and autumn. Attention has been drawn also by Sjollema(s) and Waite & Boyd@) to 
differences in carbohydrate content and physiological state of spring and autumn grass, 
which may possibly account for differences in nutritive value. 

In view of these conflicting reports and of the continued importance of dried grass in 
feeding dairy cows the results of the following experiments are presented. 


EXPERIMENTAL 


For both experiments dried grass was produced in May and in August-September from 
the same field. On both occasions a heavy dressing of nitrogenous fertilizer (70 lb. N/acre) 
had been applied 4-5 weeks before the herbage was cut. The dried grass consisted mainly 
of ryegrass (Loliwm perenne) with small amounts of timothy (Phleum pratense), meadow 
grass (Poa trivialis) and white clover (T'rifolium repens). It was dried in a band drier with 
an inlet temperature of 135-145° C., ground into meal through an } in. screen and stored 
in paper sacks until required. 


EXPERIMENT 1 


In the first experiment the rations consisted entirely of feeds grown on the farm. The 
details are shown in Table 1. 
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Twelve Ayrshire cows of the Institute here were used. They were grouped in sets of 
three, the cows within each set being similar as far as possible in age, live weight, date of 
calving and potential production. One cow in each set was then allocated at random to 
one of the sequences of a 3x3 Latin square. To simplify the practical running of the 
experiment, only one of the two possible complementary 3 x 3 Latin squares was used. 

The experiment ran for 12 weeks on indoor feeding, each period consisting of 4 weeks 
of which the last three were regarded as experimental. At the end of the 12 weeks, spring 
grazing was available and records of the milk yields for the first 2 weeks of grazing have 
been included in the results. All cows were steamed up by feeding 10 lb. concentrates 
(ration M) per day in addition to a maintenance ration for 6 weeks before calving. From 
the tenth week after calving they were fed at the rate of 4 lb. concentrate per 10 lb. milk, 
the amount being adjusted weekly and based on the individual cow’s average yield for 
the previous 3 weeks. In the earlier part of the lactation extra concentrates (2-4 lb./day) 
were fed to stimulate milk production. 

The concentrate feeds were weighed daily for each cow, but owing to lack of labour the 
bulk feeds were fed by dividing the accurately weighed total allowance of each feed 
approximately equally amongst the cows. 

Random samples of each feeding stuff were taken weekly. The dry matter, crude protein 
and carotene contents were determined in each weekly sample of the concentrates. The 
weekly samples of the maintenance feeds were bulked for each period and the composite 
sample analysed for dry matter and crude protein content. The composition of the feeds 
shown in Table 1 were based on these analyses and the figures published by Watson & 
Horton (2) and Woodman (10). 


Table 1. The composition of the rations fed in Experiment 1 


Daily basal ration for maintenance of 10001b. cow 








r ——* a 
As fed 8.E. D.C.P. C.P. 
(Ib.) (Ib.) (Ib.) (% as fed) 
Hay 4:5 1-62 0-08 8-8 
Swedes 30-0 2-19 0-23 0-9 
Oats and dried grass in equal 2-0 1-12 0-16 9-5 
proportions 
Oat_straw 6:0 1-20 0-06 2-2 
6-13 0-53 
The concentrate rations 
P ‘ 
M 
Mixture of equal parts 
A S oats, beans and dried 
Autumn-dried grass Spring-dried grass grass 
Crude protein (%) in dry matter 17-5 18-8 18-7 
Carotene content of dry matter (mg./kg.) 228 162 48 
Nutrient content as fed 
Moisture (%) 11-2 115 13-4 
Crude protein (%) 15-6 16-6 16-2 
Digestible crude protein (%) 10-9 11-6 12:5 
Starch equivalent 53-2 53-7 58-1 


The cows were housed in byres provided with automatic drinking bowls and adequately 
ventilated. They were milked twice daily by auto-recorder machine, the yield of each cow 
being recorded to the nearest 0-25 lb. The cows were weighed at the end of each period. 
Blood carotene content was also determined at the end of each period. 
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General Results 


The health of the cows was good. Rations S and M were eaten well, but ration A was 
occasionally not eaten with relish, especially in the introductory week. 


The level of feeding 


In Table 2 the level of feeding is expressed in three different ways. Expressed (a) as 
a percentage of Woodman’s standards, ration S supplied the lowest level of s.£. and D.c.P. 
and ration M the highest. In terms of total daily feed consumed (6) and feed per 10 lb. 
milk (c), the rations followed a similar trend. The weights of s.z. fed per gallon were lower 
than in other experiments in this series. In agreement with this, the cows lost weight in the 
present experiment. The average weight per cow declined from 1013 lb. at the beginning 
to 928 lb. at the end of the experiment. There was no difference in the loss of weight 
between rations. 


Table 2. The level of feeding in Experiment 1 


Standard error 


Ration ... yc A S M of mean 
(a) Total ration expressed as a percentage of Woodman’s standards 
8.E. 106-5 103 109 1-7 
D.C.P. 96-6 91-6 104 2:3 
(b) Nutrients eaten per cow (lb./day) 
S.E. 13-2 12:9 13-9 
D.C.P. 2-2 2:1 25 


(c) Concentrates eaten (lb./10 lb. milk) 


Concentrates 4-94 4-58 4-74 

Approximate s.£. 2-63 2-46 2-75 

Approximate D.C.P. 0-54 0-53 0-59 
Milk yields 


The milk-yield results for the three experimental weeks and for the last experimental 
week were treated by analysis of variance. The mean ration effects are shown in Table 3. 
Owing to a very high error variance there were no significant differences in the yields for 
the 3-week periods, but for the last week of each period the error was lower (c.v. 8-4%) 
and the differences between yield with ration A and those with rations S and M approached 
significance (P =0-2-0-05). 


Table 3. The production obtained on the three rations used in Experiment 1 


Ration ... aes A 8 M Standard error 
Mean daily yield for 3 experimental 26-9 27-7 28:5 1-88 
weeks (1b.) 
Mean for last experimental week (Ib.) 26-2 27-5 27-5 0-66 
Mean fat content (%) 4-0 4-0 3-9 —_ 
Average carotene content of blood 1624 1539 1317 — 


serum (i.u./100 ml.) 


Butterfat was analysed only once in each period. The results included in Table 3 
indicate that the rations had no effect on fat content. 
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Carotene content of the blood 
The carotene analyses of the blood (Table 3) showed that its content was influenced by 
the content of carotene in the concentrate feed. 


The effect of changes of ration on milk yields 

Although the differences between the milk yields on the different rations barely attained 
significance, there were obvious differences in milk yield when the rations were changed. 
The milk yields for the last week of period 1 and the introductory week of period 2, for 
the last week of period 2 and the introductory week of period 3 and for the last week of 
period 3 and the first week of full time grazing were, therefore, examined by analysis of 
variance. The mean differences are shown in Table 4. It is clear that milk yield dropped 
significantly when the ration changed from M to A, and that all yields increased signifi- 
cantly when the cows went to pasture. It is also noticeable that the group of cows which 
had been on spring grass in the last indoor period showed the least increase in milk yield 


on going to grazing. 


Table 4. The effect of changes of rations on milk yield in Experiment 1 (lb./cow/day) 


Change of ration from 
A 





he " 
Ration A to S Ration S to M Ration Mto A Standard error 


Ist change +0-7 +03 -2-0 0-66 

2nd change +0-2 -1-0 —2-4 0-50 
A to grazing 8 to grazing M to grazing 

3rd change +45 +3°8 +5:3 0-79 


EXPERIMENT 2 


A further experiment was run in the following winter. Since the concentrate ration con- 
sisting entirely of dried grass meal had been occasionally unpalatable, the dried grass 
meals were mixed with ground oats. The opportunity was also taken to equalize the 
nutrient contents by varying the proportions of oats and grass. For comparison a high- 
quality mixture consisting mainly of imported feeds was chosen. Details of the rations 
fed are shown in Table 5. All feeds were weighed for each animal. Residues were not 
collected, but normally the total ration was consumed. The cows were weighed once at 
the beginning and end of each experimental period. 

The experiment was carried out with two complementary 3 x 3 Latin squares (Cochran, 
Autrey & Cannon (11)). Each cow spent 4 weeks on each ration and the results of the last 
3 weeks were used. Only heifers in mid-lactation were available for the experiment. They 
were lighter in weight and lower in yield than the animals used in other experiments of 
this series. 

The cows were fed each ration at the rate of 44 lb./gal. in the introductory period, after 
which the rations were adjusted weekly in proportion to the average decline in milk yield 
of all cows in accordance with the method of equalized feeding described by Lucas (12). 

The herd routine and collection of records was the same as in Exp. 1. 


General Results 


All rations were eaten well and there was no evidence of unpalatability in the dried 


grass rations. 
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Table 5. The composition of the rations fed in Experiment 2 
Daily basal ration for heifer of 800 lb. weight 








‘As fed S.E. D.C.P. 
(lb.) (Ib.) (Ib.) 
Hay 5 1:8 0-16 
Swedes 25 1:8 0-28 
Oat straw 8 1-6 0-08 
5-2 0-52 
The concentrate rations 
Cc a i 
A 8 I 
Autumn-dried = Spring-dried Mixture of 
grass and oats grass and oats imported feeds 
: Composition (parts by weight) 
Bruised oats 3:3 4-0 Flaked maize 6 
Maize meal 6 
Barley meal 2 
Dried grass 2-4 2-7 Bean meal 1 
Linseed cake 2 
Earthnut meal 3 
Oats 5 


Minerals 1% 
Nutrient content as fed 


Moisture (%) 12:2 12-5 12-1 

Crude protein (%) 12-7 13-0 16-6 

Digestible crude 8-9 9-1 14-2 
protein (%) 

Starch equivalent 57-0 57:3 73-5 


The level of feeding 


In Table 6 the ration actually fed is expressed as a percentage of the Woodman 
standards. The degree of overfeeding of ration I was significantly higher both in s.z. and 
p.c.P. than with rations A and S. The level of feeding of the latter rations was almost 
identical, being slightly above the standard in s.. and appreciably below in p.c.P. In 
absolute terms, ration I supplied 2-5 lb. more starch equivalent and 0-8 lb. more D.c.P. 


per day than the grass rations. 


Table 6. The level of feeding in Experiment 2 


Ration ... A 8 I Standard error 

(a) Total ration expressed as a percentage of Woodman’s standards 

S.E. 107 105 125 15 

D.C.P. 84:7 82-4 122 
(6) Nutrients eaten per cow (lb./day) 

S.E. 10-8 10-9 13-4 

D.C.P. 1-42 1-39 2°19 
(c) Concentrates eaten (lb./10 lb. milk) 

Concentrates 5-32 5-16 5-03 

Approximate s.E. 3-03 2-96 3-70 

Approximate D.c.P. 0-46 0-47 0-71 


Owing to the fairly liberal rate of concentrate feeding adopted, over 5 lb. concentrates 
were fed per 10 lb. milk. This resulted in about 3 lb. s.z. per 10 lb. milk for rations A 
and § and 3-7 per 10 lb. milk for ration I. Because of the wide ratio of s.z. to D.c.P. the 


grass rations supplied under 0-5 lb. p.c.P. per 10 lb. milk. 


2 Dairy Res. 23 
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Milk yields 

The milk yield results for the three experimental weeks of each period were treated by 
analysis of variance. This showed that ration I gave significantly more milk than rations A 
and S. If there had been any significant difference in the values of A and S for milk 
production, it would have been expected to show in the milk yield results for A and 8, 
but there was no significant difference in the milk yields for these two rations. The 
coefficient of variation was only 5% so that small differences could have been detected. 
Butterfat was analysed only once in each period. The results included in Table 7 show that 
rations A and S had a similar effect and maintained a normal fat content, but they suggest 
that ration I depressed the fat content of the milk (P almost 0-05). 


Table 7. The production obtained on the three rations used in Experiment 2 


Ration ... A S) I Standard error 
Mean daily milk yield (Ib.) 18-0 18-8 21-8 0-4 
Mean fat content (%) 3-9 4-0 3-5 0-18 
Mean live weight (b.) 863 869 852 9 


Examination of the effect when the rations were changed showed a consistent gain in 
yield when changing to ration I and a consistent drop when changing from ration I, but 
although when judged on this basis the effect of spring grass was better than that of 
autumn grass, the difference was not significant. 


Inve weights 

Analysis of variance showed that there was a gain in live weight from an average of 
848 lb. in period 1 to 875 lb. in period 3 (P=0-2) but that the rations had no significant 
effect on live weight. 


DISCUSSION 


Although there was a slight difference of 3-5°% in favour of spring grass, the differences 
were not statistically significant, even in Exp. 2 when the standard error was low. Even 
if the difference were real, it should be noted that only a small increase (1-2 units) in the 
estimate of the s.£. of the spring grass would explain its superiority and would show a 
more normal level of s.£. consumption per 10 lb. milk. Such a small difference is within 
the limits of error of the equation of Watson & Horton@). On the other hand, a slight 
increase in soil contamination or in the incidence of rust (Puccinia spp). on the autumn 
grass could both reduce palatability and cause a slight reduction in the feeding value of 
the autumn grass below the calculated value. 

When these experiments were completed it was considered that while the conclusion 
that there was no significant difference in milk yield between spring and autumn grass of 
similar chemical composition might be true for low yields, it might not hold with higher 
yielding cows. However, the results obtained by Dijkstra (4), with cows averaging over 
40 lb. milk per day and receiving 11 lb. dried grass per day, show that this doubt was 
unfounded. It may, therefore, be concluded that, provided the grass is dried at a leafy 
stage of growth and care is taken to avoid soil contamination, there should be no 
difference in the feeding value for milk production of spring- and autumn-dried grass of 
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similar chemical composition. Watson & Horton (2) found that cows would not readily 
eat more than 8-10 lb. grass meal but in Exp. 1 the average consumption was 13 lb. per 
day and individual cows ate up to 24 lb. per day without difficulty. It should be noted, 
however, that owing to the relatively low starch equivalent of dried grass in general 
compared with other concentrates, inclusion of a large proportion of it in a concentrate 
may make the ration too bulky for the highest yields. As Dijkstra() showed, when 
feeding cows on diets containing only grassland products, maximum production may be 
limited because the limit of the cow’s appetite may be reached before her maximum yield 
potential. On the other hand, if dried grass is fed to replace less concentrated bulky feeds 
in the ration such as hay and silage and normal concentrates are fed in addition, very 
high yields can be obtained. 

In view of more recent results (Holmes, Waite, MacLusky & Watson (13) the calculation 
of the degree of feeding as a percentage of the Woodman standards is of interest. In 
Exp. 1 the average level of feeding over all rations was about 106% for s.z. and 98% for 
p.c.P. and the limited results available suggest that the cows lost weight. In Exp. 2 the 
average levels of feeding were 112% for s.z. and 96% for D.c.p. and there was a gain in 
weight over the experimental period presumably attributable to the higher level of s.z. 
fed. In this experiment with ration I the levels of feeding s.z. and D.c.P. were significantly 
higher than with rations A and §, and the increase from 106 to 125% of s.z. (Table 6) 
resulted in a 19°% increase in milk yield (Table 7), a result similar in order to that found in 
other experiments by Holmes e¢ al. (13). 

It is possible that the substantial increase in milk yield in Exp. 1 (Table 4), when the 
cows went out to spring grazing, is also mainly attributable to the increased intake of 
nutrients which would result. 


SUMMARY 


1. Two experiments were carried out to compare spring-dried grass and autumn-dried 
grass. In both experiments a 3 x 3 Latin square changeover design was used with periods 
of 4 weeks. In the first the control ration was a home-grown concentrate mixture (8.£. 58, 
p.c.P. 12°5%), in the second a high-quality mixture of imported feeds (s.£. 73-5, D.c.P. 
166%). The concentrates or dried grass were fed in addition to a basal ration which 
supplied only the maintenance requirements of the cow. 

2. In both experiments the milk yield from spring grass was 3-5°% higher than that 
from autumn grass, but the differences were not statistically significant. In Exp. 1 the 
yield from the home-grown mixture was the same as from spring grass. The yield from 
the imported mixture in Exp. 2 was significantly higher than from both grass rations. 
There was a significant increase in milk yield when the cows went on to spring grazing in 
Exp. 1. 

3. Expression of the feed input as a percentage of the Woodman standards showed that 
the level of feeding was similar in all three rations in the first experiment, and that the 
increased milk yield from the high-quality ration in the second experiment could be 
explained by the increased level of feeding which it gave. It was considered that the 
increased yield on spring grazing might have been caused simply by an increase in the 
amount of nutrients consumed. 


The author is indebted to Mr J. E. Myatt for his assistance in the planning and 


execution of this work. 
2-2 
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609. ACETONE TAINT IN MILK DUE TO 
BACTERIUM CLOACH 


G. ELIS JONES* 
National Agricultural Advisory Service, Wye, Kent 


When a quaternary ammonium compound was being used experimentally for sterilizing 
the milking machines and for udder washing, the quality of the milk so produced from 
a herd of about fifty cows was assessed by sampling four times a week. Some results of 
the first six samples which followed the descaling of equipment, renewal of rubber parts 
and introduction of this particular chemical sterilizer are shown in Table 1. 


Table 1. The keeping quality (hours at 22°C.) to clot on boiling, colony count (Y.M.A. 
at 30° C.) and coli-aerogenes content (3 days at 30° C.) of milk produced at and immedi- 


ately prior to the development of taint 
Coli-aerogenes 


Keeping Colony present in 

Date Meal* quality count (per ml.) (ml.) 
21. vi. 54 E Over 48 Over 300,000 0-01 
22. vi. 54 M 45 1,460 0-01 
22. vi. 54 E Over 48 220 0-1 
23. vi. 54 M 39 3,500 0-01 
28. vi. 54 E 42 1,380 0-01 
29. vi. 54 M 36 1,090 0-01 


* E=evening; M=morning. 


While the colony count within 2 hr. of milking remained low, the keeping quality at 
22° C. had dropped from 48 to 36 hr., and tubes of MacConkey’s broth showed gas produc- 
tion when inoculated with 0-01 ml. of milk and incubated at 30° C. The last two samples 
were sickly sweet in smell, prior to the stage when the milk clotted on boiling and were 
sufficiently tainted to be objectionable. These were examined for ‘acetone bodies’, and 
when found to be positive a sample of milk from each animal in the herd was taken by 
hand milking and immediately tested at the cowhouse by the dry method of Rothera’s 
test. No acetone bodies were detected nor had any animal been removed from the herd 
since the tainted milk samples taken 4 and 5 days previously. 

Although the colony count was low the Petri dish cultures also gave the sickly sweet 
odour resembling mayflower or strawberry (or acetone). 


METHODS 
Detection of acetone bodies 


A finely ground powder consisting of 3 g. sodium nitroprusside, 50 g. sodium carbonate 
anhydrous, 100 g. ammonium sulphate was prepared and stored in a well-stoppered poison 
bottle. A little milk or culture poured gently on to a layer of about } in. in a test-tube 
readily reacted to produce a purple colour (Rothera’s test) in the presence of a ketone. 


* Present address: Anstey Hall, Trumpington, Cambridge. 





22 Acetone taint in milk 


Cultural and other biochemical tests 


Colonies were picked from the Yeastrel milk agar plates (5 days at 30° C.), prepared 
from the tainted milk, and on re-inoculation into milk the taint was reproduced. The 
cultures were studied and their behaviour compared with other coli-aerogenes cultures 
already isolated from positive MacConkey’s broth tubes (at 30° C.) prepared from milk 
and water samples. 

Using a 24 hr. old peptone water culture the methods of classification were those of the 
Coliform Sub-Committee (1) in respect of the IMViC tests, together with examination in 
MacConkey’s broth (30° C. for 5 days; 37 and 44°C. for 2 days), lactose broth (with 
bromocresol purple, 30° C. for 5 days), gelatin (22° C. for 21 days), pectate (30° C. for 
28 days), litmus milk (inoculated with 1 drop of culture to 10 ml. of milk and incubated 
at 30° C. for 14 days). In addition, laboratory sterilized skim milk and fresh raw milk 
were inoculated (1 ml. into 10 ml.) and Rothera’s test applied after incubation at 22°C. 
for 18, 24 and 48 hr. The latter tests were repeated later using raw cream, casamino-acid 
broth, glucose broth and peptone water as substrates. 


RESULTS 
Causative organism 


Isolates from the tainted milk which reproduced the taint on re-inoculation into milk gave 
the reactions of Bacterium cloace. They were motile Gram-negative non-sporing rods 
which produced acid and gas in lactose at 30° C. and in MacConkey’s broth at 30 and 
37° C. but not at 44° C., liquefied gelatin in 7 days at 22° C. but did not attack pectate. 
The IMViC reactions were — — + + (Table 2). 


Table 2. The cultural reactions of the causative organisms and of seventy other 
coli-aerogenes organisms examined 


MacConkey’s broth 
No. of —- 





Cc es 
Cultures cultures IMViC 30°C. 37°C. 44°C. Lactose Gelatin Pectate 

The causative organism 

Bact. cloace i --++ AG AG - AG + - 
Other organisms 

Bact. coli type I 14 ++-- AG AG AG AG - - 

(4-) 
Bact. coli type II 6 -+-- AG AG - AG - 
Intermediate type I 5 -+-+ AG AG - AG - 
(1+) 

Bact. aerogenes type I 17 --++ AG <AorAG - AG - - 

Bact. cloace 16 --++ AG AG - AG + = 

Bact. carotovorum 1 --++ AG A - AG + as 

Bact. aerogenes type II 1 +-++ AG A - AG = = 

Anaerogenic 0 -+-+ A - - A ~ + 


A=acid; G=gas produced. 


In litmus milk acid was produced in 24 hr., followed by bleaching, but no clotting was 
observed in 14 days. It also bleached the B.c.P. indicator in lactose broth after producing 
acid and gas. In sterilized skim milk a sickly-sweet aroma turning to an alcohol-like 
smell was produced, and Rothera’s test for ketones was positive in 24 hr., but became 
negative in about 4 days. Similar reactions were obtained with fresh raw milk, but no 
ketone was detected up to and including 48 hr. with raw cream, casamino-acid broth, 
glucose broth and peptone water. 
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Other organisms 


The reactions of seventy other cultures of coli-aerogenes organisms are shown in Table 2. 
None of these produced a positive Rothera’s test, although a special effort was made to 
increase the numbers of aerogenes-cloacae examined. Among them were ten cultures 
which were anaerogenic pectate liquefiers and which, with one of the Bact. coli type 1 
cultures, failed to bleach litmus milk after producing an acid clot. A further two cultures 
produced ropiness, one being a gelatin positive strain of Intermediate type 1 and the 
other a strain of Bact. aerogenes type 1. Strains of Bact. cloace were represented by 
sixteen cultures. 


DISCUSSION 


Acetone taint of milk is usually associated with ketosis (acetonemia) of the lactating 
animal and not with bacterial taints (24). The immediate reaction when this acetone 
taint occurred in bulk milk was therefore to test all the individual animals, although 
typically such a taint is usually observed by the cowman to be peculiar to one animal or 
even a group of animals. Not only were these individual cow samples negative, but a 
strain of Bact. cloace was isolated from the tainted bulk milk which was capable of 
producing this taint when re-inoculated into milk. 

If it is assumed that the positive MacConkey’s broth tubes obtained with inoculations 
of 0-01 ml. of bulk milk were in fact due to this strain (although no attempt was made at 
the time to isolate from these tubes and to type), it is interesting to note that no coli- 
aerogenes organisms were normally obtained in 1 ml. quantities of milk produced when 
hypochlorite was in use immediately prior to the quaternary ammonium compound. 


SUMMARY 


In the investigation of an outbreak of acetone taint in bulk milk it was: (a) shown not to 
be due to the lactating animal; (b) reproduced by the inoculation into milk of a strain of 
Bact. cloace isolated from the tainted milk; (c) shown that seventy other strains of coli- 
aerogenes organisms (including sixteen Bact. cloace) did not possess this ability to pro- 
duce an acetone taint. 

A search of the literature failed to produce a record of this taint being produced by 
factors other than acetonemia of the animal. 


Nore. Since writing the article another strain of Bact. cloace giving a positive 
Rothera’s test has been isolated at Wye from a sample of milk which developed a 
typical sickly sweet taint on storage (Billing, E., personal communication, 5. xii. 55). 
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610. DESTRUCTION OF MYCOBACTERIUM TUBERCULOSIS 
AND PHOSPHATASE IN HEAT TREATED CREAM 


By R. ASCHAFFENBURG anp C. A. E. BRIGGS 
National Institute for Research in Dairying, University of Reading 
AND E. L. CROSSLEY ano J. ROTHWELL 
Dairy Department, University of Reading 


For various reasons connected with trading conditions and keeping quality requirements, 
practically all market cream is subjected to some form of heat treatment prior to retail 
sale in Britain. 

The exact procedure varies, but in general there are three major types of treatment, 
viz.: (a) low-temperature ‘holding’ at 145-150° F. for 30-60 min., (b) continuous high 
temperature-short time (H.T.S.T.) processing at 162-170° F. for 15-30 sec., and (c) con- 
tinuous high-temperature ‘flash’ heating for a few seconds at 180-190° F. The high- 
temperature treatments have technical advantages in large-scale production and much 
of the cream sold in Britain is treated by this means. The low-temperature holding method 
is used by most small-scale producers. 

Legal standards have been prescribed for the heat treatment of milk and of ice-cream, 
but no such standards are applied to cream for liquid consumption, and some form of 
official control seems highly desirable. 

It is commonly believed in the dairy industry that satisfactory processing of cream 
requires heat treatment more severe than that for milk, although we have found little 
published evidence to support this. The use of some test which will indicate satisfactory 
heat treatment is also desirable for control purposes, and the phosphatase test has been 
applied quite widely to cream, especially in the United States. 

The phosphatase enzyme is known to be enriched in cream, and Fay (1), Trembath & 
Newmar(2), and others, have stated that more heat is required with cream than with 
milk to produce phosphatase inactivation, and have reported ‘positive’ phosphatase 
results for cream submitted to time-temperature treatments which were satisfactory for 
milk. However, Brown & Elliker (3), Ritter (4) and Crossley & Rothwell 6) found that with 
low-temperature holder processing at 145° F. the difference between cream and milk is 
negligible. Confusing results have been obtained from phosphatase tests applied to cream 
subjected to high-temperature processing, and Brown & Elliker(3), Ritter (4) and Crossley 
& Rothwell 5) all report the occurrence of reactivation under certain conditions with samples 
which were phosphatase-negative immediately after heat treatment. 

For these reasons it seemed highly desirable to ascertain by direct experiment whether 
pathogenic organisms are destroyed in cream under similar time-temperature conditions 
to milk, or whether more severe heating is necessary. It was also particularly important 
to include a standard H.T.s.T. processing plant in the trials, because this method is in 
general commercial use, but cannot be simulated with laboratory apparatus. 

In the experiments reported here, Mycobacterium tuberculosis was used as the test 
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organism. The physical properties of cream vary with its fat content, and trials were 
therefore made with the two standard grades (single and double cream), now sold in 
Britain, containing prescribed minimum milk-fat contents of 18°% and 48 % respectively. 


METHODS 

Organism 
A strain of bovine type M. tuberculosis, AF 288-54, originally from a milk sample from 
a cow, was the test organism with which each batch of cream was artificially infected 


before pasteurization. 
Artificially infected cream 


Inocula were freshly prepared for the two series of experiments (A and B), which were 
separated by an interval of 3 weeks. Eight-week-old cultures of M. tuberculosis, AF 288-54, 
from Dubos-Davis and Dorset’s egg medium in McCartney bottles and Roux flasks 
respectively, were mixed in approximately equal proportions (v/v) in 250 ml. sterile 
saline; the concentration of organisms in the suspension was determined by means of 
haemocytometer counts, using a small volume of the suspension previously sterilized at 
100° C. for 15 min. 

The cream was separated from bulked raw milk at a temperature of about 100° F., and 
was standardized in two batches of approximately 25 gallons each to 48 and 18% fat 
respectively, by addition of the requisite quantities of separated milk derived from the 
original raw milk. An appropriate volume of the viable culture suspension was then 
slowly added to the bulk cream, well mixed by plunging in a stainless steel vat, to yield 
a final concentration of 2000-2250 organisms/ml. 


High temperature-short time pasteurization 


The standardized inoculated cream was pasteurized in a small plate-type heat exchanger 
at temperatures ranging from 165 to 155° F. for a minimum holding period of 15 sec. (see 
Table 1), and cooled rapidly in 35 sec. to about 40° F. The pasteurization was carried out 
at the highest temperature first, to avoid contaminating the cooling sections of the heat 
exchanger with underheated cream and viable M. tuberculosis, and then at progressively 
lower temperatures after allowing adequate time for representative samples of the treated 
cream to be obtained. 

The heat exchanger was of the normal type and comprised: 

(i) Heating plates employing circulating hot water capable of thermostatic control at 
any temperature between 140 and 200° F. 

(ii) A holding section comprising an external loop stainless steel pipe. 

(iii) Cooling plates employing mains water at about 54° F. 

(iv) Cooling plates employing chilled water at about 35° F. 

The cream was pumped through the plant by means of a variable speed, positive drive 
rotary pump which was adjusted to give a flow rate of 40 gallons per hour. At this rate 
the minimum holding time was slightly over 15 sec. as determined by the sodium nitrite 
injection method (6). The thermograph (bulb placed near the exit of the holder tube) was 
accurately checked against standard N.p.L. thermometers. The holder efficiency was about 
60%. Before and after each run the whole of the plant and pipe lines was rigorously 
cleaned and sterilized. 
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Holder pasteurization 


Each of a series of thin-walled test-tubes was filled with about 15 ml. of the inoculated 
creams, and warmed to 100° F. Several tubes were placed in a water-bath and, after 
a pre-determined heating-up time of 90 sec., held at each of the temperatures (+ 0-1° F.) 
shown in Table 1 for exactly 30 min. The tubes, completely immersed, were made to 
rotate slowly, whilst in the water-bath and, after 30 min., were plunged into ice-water 
to ensure rapid cooling. 

Guinea-pig tests 

The viable culture suspension, diluted with sterile saline to a concentration of about 
2000-2250 organisms/ml., the uninoculated raw cream, the artificially infected raw cream, 
and all pasteurized cream samples were tested by guinea-pig inoculation for the presence 
of viable M. tuberculosis. H.T.S.T.-pasteurized samples were taken at appropriate 
temperatures (Table 1) during the runs directly from the pasteurizer outlet in sterile 
250 ml. beakers with Petri dish covers, and were transferred immediately to sterile 
McCartney bottles. For each 10 ml. cream sample 3 ml. of deposit and cream (2:1) after 
centrifugation were well mixed, and 0-5 ml. inoculated intramuscularly into each of three 
guinea-pigs. Each guinea-pig thus received some 50-100 times the number of organisms 
that Schwabacher & Wilson(7) estimated as a minimal infecting dose. Single animals 
from each group of three were killed 6, 8 and 12 weeks after inoculation and examined for 
M. tuberculosis infection. 

Phosphatase tests 


All heat-treated creams were tested for residual phosphatase, usually by both the 
Kay-Graham(s) and Aschaffenburg-Mullen(@) methods. In the latter, the simplified 
carbonate-bicarbonate buffer (10) was used, and the colour assessed by comparison with 
the disk APTW recommended by Tramer & Wight(11). The volumes of cream taken 
corresponded with those used in the testing of milk. 


RESULTS 


The results in Table 1 show that, in each instance, the viable culture suspensions and the 
raw, artificially infected cream preparations were positive for M. tuberculosis on inocula- 
tion into guinea-pigs. In Exp. B, the raw creams (48 and 18%) before artificial infection 
were also positive, showing the presence of a natural infection with M. tuberculosis. No 
tuberculosis was found in any of the guinea-pigs inoculated with the creams subjected to 
the lowest chosen time-temperature combinations of heat treatment (15 sec./155° F., 
30 min./139° F.). After such heat treatment, strongly positive phosphatase tests were 
obtained by applying the criteria accepted for milk (> 2-3 Lovibond Units in the Kay- 
Graham test and > 10g. p-nitrophenol/ml. in the Aschaffenburg—Mullen test). 


DISCUSSION 


These results show that M. tuberculosis did not survive in cream subjected to H.T.s.T. or 
holder pasteurization for the minimum times at a temperature 6° F. below the minima 
prescribed for milk. This suggests that tubercle bacilli are as readily killed in cream as in 
milk. The presence of a natural M. tuberculosis infection, before artificial inoculation, in 
one batch of cream (Exp. B, Table 1) was of value in rendering the significance of the 
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Table 1. Results of guinea-pig inoculation for Mycobacterium tuberculosis and of 
phosphatase tests of cream 
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Inoculum 


Viable culture suspension (positive control) 


48% cream 
Raw, uninfected 


Raw artificially infected (positive control) 
H.T.S.T.-pasteurized : 


Holder-pasteurized : 


18% cream 
Raw, uninfected 


Raw, artificially infected (positive control) 
H.T.S.T.-pasteurized : 


TB in guinea-pigs 


Phosphatase tests 
A. 





K.-G, 


(Lovibond Blue 


Units) 


Experiment A (23 and 24 February 1955) 


15 sec./164-2° F. 
15 sec./161-5° F. 
15 sec./160-0° F. 
15 sec./158-8° F. 
30 min./145-0° F. 
30 min./143-0° F. 
30 min./141-0° F. 
30 min./139-0° F. 


15 sec./165-0° F. 
15 sec./162-0° F. 
15 sec./160-0° F. 
15 sec./158-0° F. 
15 sec./155-0° F. 


Holder-pasteurized: 30 min./145-0° F. 


Viable culture suspension (positive control) 


48% cream 
Raw, uninfected 


Raw, artificially infected (positive control) 
H.T.S.T.-pasteurized : 


Holder-pasteurized: 


18% cream 
Raw, uninfected 


Raw, artificially infected (positive control) 
H.T.S.T.-pasteurized : 


Holder-pasteurized: 


* Eight weeks after inoculation. 


results presented here independent of North & Park’s(12) assurances that ‘there is no 


30 min./143-0° F. 
30 min./141-0° F. 
30 min./139-0° F. 


Experiment B (16 and 17 March 1955) 


15 sec./163-0° F. 
15 sec./160-0° F. 
15 sec./158-0° F. 
15 sec./155-0° F. 
30 min./145-0° F. 
30 min./143-0° F. 
30 min./141-0° F. 
30 min./139-0° F. 


15 sec./162-5° F. 
15 sec./160-0° F. 
15 sec./157-9° F. 
15 sec./155-0° F. 
30 min./145-0° F. 
30 min./143-0° F. 
30 min./141-0° F. 
30 min./139-0° F. 
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+ Twelve weeks after inoculation. 
Figures in black = positive. 
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material difference in the resistance to heat between. ..the tubercle bacilli in naturally 


infected milk. ..or pure cultures’. With these naturally infected creams, tuberculosis was 


found in the guinea-pigs after 8 weeks (48°% cream) and 12 weeks (18% cream); this 
difference might be due to the dilution factor. 
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According to the results in Table 1, phosphatase in cream is, as in milk, more heat- 
resistant than M. tuberculosis, and the level of test readings does not suggest that the 
enzyme is less easily inactivated than in milk. Theoretically, there seems thus to be no 
reason why the minimum requirements prescribed for the pasteurization of milk should 
not be applied to cream. However, while compliance could be ensured at the plant through 
the application of the phosphatase test to the fresh product, the enzyme is known to 
reactivate frequently during storage, especially at or above room temperature, of H.T.S.T. 
(though not holder) pasteurized cream, and the application of the phosphatase test to 
samples of unknown age and history cannot, therefore, be recommended for official 
control purposes. 

Under these circumstances, it is, at present, of the utmost importance to ensure 
technical efficiency of high-temperature processing plant. Accurate maintenance of a 
prescribed temperature in continuous flow apparatus can be obtained by means of 
thermostatic controls and requires only regular checking of thermometers and thermo- 
graphs. It is more difficult to maintain a prescribed minimum holding time without sub- 
jecting the bulk of the cream to a much longer period of heating. According to Good- 
man (13), the efficiency of a holder tube may not be better than 50% since the cream is in 
streamline flow, and Crossley & Cuttell (14) state that for practical purposes it would be 
impossible to induce turbulent flow conditions in viscous cream. Moreover, considerable 
variations in the viscosity of different creams can arise from a number of factors and may 
result in marked differences in flow rate. The apparatus should, therefore, be fitted with 
a positive displacement pump to maintain the flow of cream. In addition, for every 
individual plant and for each particular type of cream handled, the minimum flow time 
should be determined directly at frequent intervals. This entails provision of the necessary 
fittings, and of a pump capable of fine adjustments. 


SUMMARY 


Batches of cream were artificially infected with M. tuberculosis, and subjected to varying 
heat treatments under conditions of H.T.s.T. and holder pasteurization. Guinea-pig and 
phosphatase tests were applied to the treated creams. 

The minimum time-temperature conditions required for the inactivation of M. tubercu- 
losis and phosphatase were found to be similar to those pertaining to milk. 

The practical difficulties of controlling the efficiency of cream pasteurization are 


discussed. 


We wish to thank Mr I. W. Lesslie, B.V.Sc., M.R.C.V.S., Bacteriology Department, 
M.A.F.F. Veterinary Laboratory, Weybridge, for cultures of Mycobacterium tuberculosis. 
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611. THE STEAM STRIPPING OF TAINTS FROM LIQUIDS 


IV. AN ANALYSIS OF CONTINUOUS COUNTERFLOW EQUIPMENT 


By J. K. SCOTT 
The Dairy Research Institute (N.Z.), Palmerston North, New Zealand 


(With 8 Figures) 


INTRODUCTION 


Buttermaking practice in New Zealand and Australia has tended towards use of increased 


amounts of steam for the treatment of cream to remove taints. A typical figure for many | 


New Zealand butter factories was 0-75 ton of steam per ton of butter. Much higher steam 


loads caused by increased steam treatment of the cream, and the higher rates of cream | 


flow, made necessary the installation of larger steam boilers than used. 


Part I) of this series showed that the Vacreator in its usual form cannot be efficient 
in the removal of large amounts of taint, and Part II(7) showed that the re-connection | 


of Vacreator equipment to multiple contact counterflow* would effect large steam 
economies by improving the efficiency of the process. While this work was directed 
mainly towards improvement of existing Vacreator equipment, a number of people had 


in the past suggested the possible use of a counterflow column as an alternative to the | 
Vacreator, the high efficiency of the continuous counterflow column being well known | 


from chemical engineering practice. 

In a counterflow stripping column a downward flow of liquid is made to contact at all 
times an upward flow of steam (in general any convenient vapour or gas could be used), 
and the steam at exit is in contact with the incoming raw liquid. If the column is of 
sufficient length then it is theoretically possible to have the concentration of taint in the 
steam in equilibrium with the concentration of taint in the incoming raw liquid so that 
the maximum possible loading of the steam with taint takes place and the equipment is 
then most efficient. 

The development of a practical! efficient counterflow column was seriously taken up by 
the A.P.V. Company, and after a period of trial and testing was placed on the market, 


and at the time of writing several plants are operating in New Zealand and Australia. | 


Instead of a long column the A.P.V. plant utilizes three short stages with interstage 
pumps as used industrially, especially for re-circulation systems (1), the effect being the 


same as a long column with suitable internal baffling. Fig. 1 shows a long counterflow | 


column and the development of an equivalent three-stage continuous counterflow 
system. Fig. 2 shows a diagram of a commercial plant, where fresh steam enters vessel 3 


and leaves partly loaded with taint, and this partly used steam enters a second counter- | 
flow column from which it emerges still further loaded. The process is repeated a third | 


time, the steam more nearly reaching saturation each time. 


* For want of a more popular name the present author has given the name ‘steam stitching’ to the method (5), 
because the flow diagram reminds one of a sewing process, and it is by this name that the method is known in 
New Zealand and Australia. 
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Fig. 1.(a) A continuous counterflow column in which a downward flow of cream makes contact with an upward 
flow of steam. One long column with suitable baffling is equivalent to three short columns marked, 1, 2 
and 3. (b) The three short columns can be provided with pumps and placed in a row to give an effect 


similar to (a). 
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Fig. 2. Diagram of a commercial, continuous counterflow cream treatment plant. Cream preheated by regenera- 
tion and direct steam injection enters vessels 1, 2 and 3 in this order. Steam enters vessel 3 and flows via 


vessels 2 and 1 to the direct contact condenser. Water for the condenser 
regeneratively cooled, outgoing cream. 


is first used to further cool the 


METHODS FOR CALCULATING COLUMN PERFORMANCE 


Height equivalent to a theoretical plate 


In a practical counterflow column, equilibrium of the taint co 


neentration in the liquid 


and vapour phases is not normally attained, and the type of analysis presented in Part II 
and based on attainment of equilibrium in each stage cannot be used directly, although 


by a method known as the Height Equivalent to a Theoretical 
nique presented in Part II can be used. Consider any section 


Plate (H.E.T.P.) the tech- 
of a column such as the 
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middle section in diagram (a) of Fig. 1. If the concentrations of taint y’ in the steam 
leaving this section, and 2’ in the liquid also leaving this section, were such that they 
would be in equilibrium 1F they were in contact, then obviously for all practical purposes 
this section would act as an equilibrium stage. The length of the column section necessary 
to achieve this result is known as the u.£.T.P., and the height of the column would then 
depend on the required number of theoretical plates. Calculations can be made from 
fig. 2 of Part II, or in the more general case, from fig. 6 of Part II. The #.£.T.P. concept is 
useful in some cases, but because its direct use is not based on a fundamental under- 
standing of the conditions under which transfer of mass (in this case of taint) takes place, 
appreciation of counterflow column performance can be confused. 


Height of a transfer unit 

For the remainder of this paper a concept known as the Height of a Transfer Unit, 
HTU 2), is used because the HTU is based on the fundamental equations which represent 
the mass transfer process. The mathematical derivation is shown in Appendix I. 

For the case where a linear distribution law exists between the concentration of taint 
in the steam and the concentration of taint in the liquid (i.e. m the equilibrium coefficient 
is constant) and the rates of liquid and steam flow are constant through the column, the 
number of transfer units (see Appendix I) is given by 


Reduction in taint concentration 
Average difference in concentration between liquid and vapour 








In order to use this definition, the value of the concentration of taint y, in the outgoing 
steam must be converted to an equivalent liquid concentration by dividing y by m, so 
that 2,4 =Yo/m. 

The average to be used where the value of the driving force varies from top to bottom 
of a counterflow column is the logarithmic mean of the terminal concentration differences.* 

Example. It is required to reduce the taint level in preheated cream, from its initial 
100% to 10% by means of a counterflow column using 0-25 lb. of steam per lb. of cream. 
If the value of m=10, how many transfer units are required and what is the height of the 
column if the height of each transfer unit is 5-15 ft. 


x, =100 (64) Yo=(100 — 10)/0-25 
| * 
| Lal | V=0-25 
/ | 

X= 10 (10) y,=0 


The taint given up by the cream is 100—10=90, and as this appears in the vapour 
steam as ¥ then y)=(100—10)/0-25 = 360. The equivalent value of liquid concentration is 


Ley =Yo/m = 360/10 = 36. 


Thus concentration difference at top of column, 100-36 = 64. 
Thus concentration difference at bottom of column, 10—0=10. 


Yaad | 





* The logarithmic mean of two numbers p and q is 


log, p/q" 
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, , , 64—10 54 
Average difference in concentration = jog, 64/10 ~ 1-86 ~ 9. 


Reduction 100—10 = 





Number of transfer units required = howe” 3 =3-1. 
Height of column =3-1 x 5-15=16 ft. 
General curves 
Appendix II shows that a general expression can be derived, 
Xo = b =a or Tne (1) 


at, b—ent-») en—b)_ },’ 
where b=1/F, the reciprocal of the stripping factor F where F=mV/L; n=number of 
transfer units; 7)=final taint concentration; x, =initial taint concentration. 

Fig. 3 shows a graphical plot of the equation, and by means of this graph values of 
2 /v, can be determined directly, knowing the number of transfer units for the column 
and the value of the stripping factor F. 

The data presented in Fig. 3 are similar to that shown in fig. 2 of Part II, and it is 
worth noting that there is no constant ratio of theoretical plates to transfer units for the 
range of stripping factor values. For a known value of stripping factor fig. 2 of Part II 
can be used directly because the number of stages is known, but for continuous counter- 
flow columns the number of transfer units depends on the height of the column and the 
HTU; and in turn the HTU depends on (a) the type and arrangement of the plant, 
physical dimensions and flow rates, and (b) the value of F the stripping factor. Thus the 
experimental study of the efficiency of counterflow towers and their design for cream 


deodorizing purposes is very largely the study and correlation of the Heights of Transfer 
Units. 


Effect of volatility of the tainting substances 

For any given ration of steam to liquid the stripping factor will depend on the equi- 
librium constant m in accordance with the equation F =mV/L and as the performance of 
stripping equipment, either continuous counter current or multiple contact, depends on 
this value of the stripping factor, the range of values of m for tainting substances found in 
practice should be known to a plant designer. Unfortunately, very little is known about 
cream taints, so that the author has had to use a hypothetical ‘taint’ having a value of 
m=10 in cream. For design purposes this hypothetical taint is to be reduced to 10% of 
the original value in the raw cream. These conditions applied to multiple contact designs, 
as, for example, the Vacreator, give figures which agree with results from practice and 
for the purpose of this paper the same set of conditions is used, although, as will be shown 
later, a continuous counter current plant must have an additional design requirement to 
be satisfactory in practice. 

The effect of volatilities of the tainting substances is different for different types of 
steam-stripping apparatus. The results given in this part can be compared with results 
given in Part I for co-current multiple contact (6), Part II for multiple-contact counter- 


flow (7), and Part III for batch apparatus(8). 
3 Dairy Res. 23 
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Effect of a large stripping factor 
Fig. 3 shows that beyond a value of F =2-0 approximately, the value of x»/x, decreases 

very slowly and is, in fact, asymptotic to some value of «/x, which depends only on the 
number of transfer units. Therefore, whenever the value of m, the equilibrium coefficient, 
is large, or the ratio of steam to liquid is large the practical reduction of the taint level 
to a low figure can be severely limited unless the column has a large number of transfer 
units. When the value of F is very large, the value of b=1/F in equation (1) is so small as 
to be negligible, and in this case the lowest limiting value is given by 

Z 1 

% o 
where »=number of transfer units. 
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Fig. 3. The percentage reduction in taint concentration for various transfer units is given as a function of 
the stripping factor mV/L. This form is similar to that given in fig. 2 of Part II. 


Thus we have 
Number of transfer units ] 2 3 t 5 
Lowest possible value of final 36:8 13-5 5 1-8 0-66 
taint (as °% of initial value) 
and if the plant is to be designed to deodorize cream which contains a high initial level of 
a highly volatile taint a sufficient number of transfer units must be allowed. Present 
indications are that at least four transfer units are required. 


Effect of a low-stripping factor 
When F is less than unity, 6 is greater than unity and the exponential term in equa- 
tion (1) becomes less than unity, and the importance of the exponential term rapidly 
diminishes with decreasing values of mV/L. For example, if mV/LZ=0-33 then 6=3, and 
if n=2 in this particular case then 
%® 341 Sut 
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so that there is little error in neglecting 0-018, the value of the exponential. Thus for low 

values of the stripping factor, especially when the number of transfer units is not small, 

equation (1) reduces to a 
oe 


Ly i ae 

The physical interpretation is that the solute concentration in the outgoing steam is very 
nearly in equilibrium with the solute concentration in the incoming liquid. In practice, 
the condition of a low-stripping factor is usually caused by a taint of low volatility (small 
value of m), and the transfer of taint to the steam need be quite small in order to nearly 
saturate the steam. 


Rates of mass transfer 


The hypothesis used in the study of mass transfer operations is the two film concept 
which is illustrated in Fig. 4. It is assumed that at the vapour-liquid interface in any 
contacting system there is no resistance to mass transfer. The whole resistance is assumed 








Main 





body 




















Fig. 4. The diagram represents the two-film theory in which all the resistance to transfer (of taint) is assumed 
to be due to film resistances of both the liquid and the vapour. It is assumed that no resistance occurs at 
the liquid-vapour interface. Taint is transferred through the resisting films under a concentration difference 
driving force, and the lower the taint concentration in the vapour the faster is the rate of deodorization. 


to be due to a film of liquid plus a film of vapour, and the solute moves through these 
resisting films under the action of a concentration difference. The concentration of solute y 
in the vapour phase depends on the rate of solute transfer and the rate of vapour replace- 
ment. For every value of y there is a value of x, which will be in equilibrium with y 
according to the equation y=mz,, and we can convert a concentration of solute in the 
vapour phase, y, to an equivalent liquid concentration, z,, such that z,=y/m (4). Obviously 
then, if the solute is very volatile (i.e. m is large), the value of x, is small and the driving 
force «—z, is large, giving rise to a rapid rate of mass transfer. If the rate of vapour 
replacement is great (i.e. V/ is great), then both y and z, will be small and then again the 


driving force s—2, will be large. Combining these two conditions we can say that when 
3-2 
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F=mV/L is large, x, the ‘back pressure’ effect of the solute concentration in the vapour 
phase is small, and the driving force x—~, consequently large, and taint is transferred 
from the liquid to the vapour phase at a faster rate as indicated in Fig. 3. As the value 
of the stripping factor F is increased to large values the increased stripping rate changes 
very slowly because the resistance to transfer in the liquid film still remains, and for an 
infinite value of F the rate of mass transfer is finite at some fixed value which depends 
on the resistance of the liquid film. Unless the liquid film resistance can be reduced, then 
a longer column must be used in order to reduce some taint levels down to an acceptable 
value, a statement which holds true irrespective of the amount of steam which is used. 
At the liquid vapour interface the liquid concentration is x; and the rate of transfer of 


nies N=K A(e—a,) lb./hr., (2) 
where N=rate of transfer in lb./hr., k;=conductance of the liquid film in lb./hr. per 
square foot for unit concentration difference, A =interfacial transfer area in square feet. 

Similarly, N=k,A(y;—Y), (3) 


where k,=conductance in the gas film, y;= vapour ae concentration at interface and 


assumed i in equilibrium with z;. 
Because interface values are difficult to determine, overall driving forces are commonly 
used (4), which include both liquid and vapour phase resistances such that 


N=K’, A(c—2,), (4) 
and therefore N=k, A(a—2;)=k, A(y;-y) =K A(x —2,). (5) 


It is necessary to experimentally determine k; A, ki A, or KA, since both the conductance 
and the interfacial areas usually are not known. 

For the lean mixture conditions and linear distribution law which we have assumed to 
hold we can use a logarithmic mean concentration difference for a complete tower in 
equation (5) instead of the particular values shown. Since the rate of mass transfer is also 
given by L(x,—2»), and taking A =aSZ, where S is the cross-sectional area of the column 
and a is the interface area per cubic foot of column volume, therefore 


L/S(x, — 2p) = ZK, a(x = Te)ay. ’ 


(X1 — 21) — Xp 








where L—2X,)ay,=————— , 
ve log, 21a 
Se Zo 
therefore Z= a = (6) 


(1% —@,)ay, Kya” 
Height of column =(number of transfer units) x (height of a transfer unit). The height 

of a transfer unit based on an overall liquid concentration driving force is 
Pel 

we 3% 

Over a reasonable range of values the percentage change in k;a (or k,a) is often similar to 


the percentage change in L (or V) so that the values of the HTU are often reasonably 
constant for changes in the liquid flow rate L (or the steam flow rate V). 


(HTU) (7) 
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In a similar fashion the height of a transfer unit corresponding to the liquid flow 








resistance is 
, _L/s 
im (8) 
and for the vapour film resistance 
V/s 
ata as (9) 


The total resistance (HTU), is due to the combination of the liquid film resistance 
(HTU),, and the gas-film resistance (HTU),, and is given by the expression 
(HTU), =(HTU), +1 (HT), (10) 
Equation (10) is important from two aspects: first the overall resistance can be calcu- 
lated from a knowledge of the film resistances, and the manner in which the overall 
resistance is affected by the stripping factor mV/L can also be calculated; and second a 
graphical plot of (HTU), against L/mV for experimental results allows the two film 
resistances to be obtained, the intercept at 1/F =0 of the resulting straight line being the 
value of (H7TU), and the slope of the line being(H7TU),. Fig. 5 is this type of plot, line A 
having been obtained experimentally for one type of counterflow column. 
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I/F=L/mV 
Fig. 5. In many cases a plot of the height of a transfer unit against reciprocal of the stripping factor will be 
linear. The plotted values here are for experimentally determined figures. The dotted line is for a column 
having a high liquid film resistance and a low vapour film resistance. 











When numerical values for the film resistances in equation (10) are known, the value 
of the overall (HTU), can be computed for any value of mV/Z, and further knowing the 
height of the column one can directly obtain n, the number of transfer units available 
from the column. This value of ” can be used directly in Fig. 3 or equation (1). It is more 
instructive to make a graphical plot of » versus F as shown in Fig. 6 for the characteristic 
represented by line A in Fig. 5. Also shown in Fig. 6 is the information shown already in 
Fig. 3 replotted to give z)/x, as the parameter. Thus, for any value of mV/L the number of 
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transfer units can be read, which give directly the deodorizing effect in terms of 2/2,. 
From the intersections of the column characteristic with the family of curves Fig. 7 has 
been derived (from Fig. 6), where curve A gives the variation in z)/x, with changes in 
mV/L for a particular column. Any counterflow column performance can be predicted 
and studied by first plotting the column characteristic on Fig. 6 and re-plotting the 
intersection points as in Fig. 7. 
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Stripping factor F= mV/L 
Fig. 6. The family of curves has been replotted from Fig. 3. On the same co-ordinates the full line shows the 
number of transfer units as calculated from line A of Fig. 5. This design procedure allows the number of 
transfer units to be obtained for a known stripping factor using the characteristic line; the point of inter- 
section giving the percentage taint reduction directly. The dotted line shows a characteristic for a column 
having a high liquid film resistance and a low vapour film resistance. 


EXPERIMENTAL RESULTS 


In order to obtain experimentally determined values of the overall resistance to the 
transfer of taints, and to show how the overall or complete resistance is dependent on the 
film coefficients an experimental column was set up as shown in Fig. 8. Water containing 
either diacetyl or acetoin was pumped from a balance tank through a heat exchanger, to 
heat the water flow if necessary, and then to the top of the column. In some runs a 
perforated plate 8 in. diameter containing 34 holes of } in. diameter spaced about | in. 
apart was used to form a downward spray, and in other cases a ring-shaped copper tube 
with spaced holes allowed the water to fall in film flow down the inside of the column wall. 
In all cases the liquid was allowed to collect and rise to a height of several inches in the 
bottom of the tower to form a liquid seal to prevent the escape of steam. Material balance 
checks were made where possible by measuring the solute concentration in the condenser 


water. 


Spray column 


Table 1 shows some results obtained with the use of the spray head. It will be noticed 
that a strong stripping effect exists at the bottom of the column, where the mass flow of 
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the liquid (forming the seal) is low and the turbulence of the inlet steam is high. Par- 
ticularly, the effect is noticeable for acetoin which, owing to the low volatility, is con- 
siderably affected by vapour-phase resistance (the resistance is lowered by turbulence). 
The results of Table 1 are represented in Fig. 5 as small circles. 
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Stripping factor F = mV/L 


Fig. 7. Curve A is plotted from the intersection points (in Fig. 6) where the column characteristic crosses the 

family of stripping curves. Curve B is for a double-contact countercurrent system, and is replotted from 

3 curve £ of fig. 2, Part II. Curve C is for a double-contact system and is replotted from curve B of fig. 7, 

f Part 1. The dotted curve is for the column conditions shown dotted in Figs. 5 and 6, and illustrates that 
a low taint level cannot be reached in a column in which the liquid side resistance is high. 
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Fig. 8. Arrangement of experimental stripping column. 
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For each run the value of (HTU), was calculated as illustrated by the following 
example, using the second column of figures in Table 1. 4 
Solute at inlet =9-2 p.p.m. x 

Solute at outlet =2-0 p.p.m. ‘ 


Solute transferred = 7-2 p.p.m. 


7-2 
Equivalent concentration in outgoing steam = 0-309 x39 =0°6. 
Concentration difference at top = 9-2—0-6=8-6 p.p.m. 
Concentration difference at bottom =2:0-—0 =2-0 p.p.m. 
Average concentration difference = ing, FD =4-5 p.p.m. 
Number of transfer units =7-2/4-5=1-6 


Height of transfer unit when column height is 5 ft. (H7TU), =5/1-6 =3-12 ft. 


No attempt was made to correct for dilution, although this attained 16 %% in some cases 
where the feed was cold. Figures for cold and hot feed are indicated separately. The 
results expressed as values of (HTU), versus mV/, are represented in Fig. 5 by the small 
circles, and are correlated by the line (HTU), =2+7-8(1/F). 


Table 1. Stripping characteristics of spray column using water 





Diacetyl m =39-5 Acetoin m=1-3 
AL A 

F my Cc ~ 
Outlet water flow, LQ (Ib./hr.) 1368 1018 895 620 632 551 896 715 860 
Steam flow V (Ib./hr.) 274 290 154 460 400 330 430 300 400 
Preheat temperature (7 #.) 60 172 190 202 60 60 60 195 182 
Colentatndee em ivi) 0-235 0302 0-176 0-755 0750 0-690 0-564 0-43 0-485 

Inlet water 

Initial concentration (p.p.m.) 9-2 9-2 9-2 9-8 9-8 9-8 9-3 9-0 9-0 
0 in. (at spray plate) (p.p.m.) 9-8 8-0 — 7:8 — _— 8-9 8-9 8-9 
10 in. (p.p.m.) oe ee ie a! ete ee ae er a 
18 in. (p.p.m.) a is... FalgsS —aam alae 
20 in. (p.p.m.) _— — _ — _ _— 8-6 8-8 8-8 
30 in. (p.p.m.) 10-6 5:5 — _ -- —- 8-3 8-8 8-8 
40 in. (p.p.m.) — _ — — — —_ 8-0 8-6 8-6 
49 in. (p.p.m.) 33 5:4 6-3 3:5 3:3 — 7-9 8-6 8-6 
Outlet (p.p.m.) 24 20 26 O8 10 O7 68 71 69 
(HTU), (ft.) 357 312 371 4195 214 1:85 12:0 16 14:7 
l/F=L/mV 0-108 0-085 0-145 0-033 0-034 0-037 1:37 1:8 1-56 


A series of runs were made with the column operated as a wetted-wall apparatus. The 
spray head was replaced by a ring formed from a piece of half-inch diameter copper tube. 
Perforations around the outside perimeter allowed a liquid film to form and flow down 
the inside vertical surface of the cylinder, the distributor ring was supplied with liquid 
from four radial tubes connected to the entry pipe. 

The figures are shown in Table 2 for diacetyl as the reference substance, and in Table 3 
for acetoin. The end effect which gives rise to increased stripping at the bottom of the 
column is not as large as for the spray column. The results expressed as for the spray 





colt 
9-6. 
in t 


ee ee ae ee 


Curt 
It sk 
mere 
unle 
insel 
part 
end 
Kc 
liqui 
units 
factc 


and - 
by tl 


= 
2 





J. K. Scorr 41 
column are plotted in Fig. 5 as small triangles, the linear correlation being (HTU), = 


2:6 +3-4(1/F). In the fourth column of Table 3 no HTU could be calculated as the acetoin 
in the outgoing steam was in equilibrium with the acetoin in the incoming liquid. 


Table 2. Stripping characteristics of wetted-wall column 


Diacetyl in water 
A 








Water flow, L (1b./hr.) 825 860 1000 850 785 1000 1050 805 
Steam flow, V (lb./hr.) 135 210 340 250 39 205 286 340 
Preheat temperature (° F.) 200 =—:190 60 60 60 60 60 60 
Exit steam s = az, a - 
Calculated — (V/L) 0-164 0-244 0-34 0-295 0:05 0-205 0-272 0-420 
Inlet water 
Initial concentration (p.p.m.) 10-2. 10-2 9-8 9-8 9-8 9-8 9-8 9-8 
15 in. (p.p.m.) 7-2 — — — — — —_ —_— 
30 in. (p.p.m.) 6-2 — _ — — — a _ 
49 in. (p.p.m.) 5:3 4-6 — _ _ _— — — 
Outlet (p.p.m.) 2-9 2:5 1:35 1:90 4-0 2:1 1:8 1-4 
(HTU), (ft.) 3:8 400 2:43 2:94 47 3:05 2-82 2-88 
1/F=mV/L 0-155 0-104 0-075 0-087 0-51 0-124 0-094 0-06 


Table 3. Stripping characteristics of wetted-wall column 


Acetoin in water 





Water flow, L (Ib./hr.) : 950 934 790 760 1020 790 
Steam flow, V (lb./hr.) 382 310 229 131 370 350 
Preheat temperature (° F.) 170 170 200 190 165 60 
Calvetated See oF 2) 0-4 0-33 0-30 0-17 0-36 0-442 
Inlet water 

Initial concentration (p.p.m.) 9-9 9-9 9-9 9-9 9-9 9-2 
15 in. (p.p.m.) 9-2 -~- _— — — _— 
30 in. (p.p.m.) 8-7 _— _ _— —_— — 
49 in. (p.p.m.) 78 8-1 8-3 8:3 7:8 _ 
Outlet (p.p.m.) 7-0 7:2 76 7-9 71 6-0 
(HTU),, (ft.) 10-1 9-8 11-9 Sat. 9-26 75 
1/F=mV/L 1-92 2-32 2-65 4-46 2-14 1-74 


DISCUSSION AND DERIVED RESULTS 


Curve A in Fig. 7 has been derived from line A in Fig. 5 in a manner already described. 
It should be realized that owing to the strong end effect at the bottom of the tower, the 
mere extension of the height from 5 to 16 ft. will not give the results shown in Fig. 7 
unless the plant is designed as three separate vessels in series, or suitable baffling is 
inserted into a 16 ft. high column. Without baffling the value of (H7TU), for the spray, 
part of the column must be extrapolated from 5 to 16 ft. and the value of (HT'U), for the 
end effect added. 

For the particular conditions studied the spray column has a smaller resistance on the 
liquid side than for the case of the wetted wall. This allows a greater number of transfer 
units, and therefore a lower possible value for the residual taint level under high stripping 
factor conditions. We have 


Liquid side resistance Steam side resistance 
ft. ft. 
Spray 2 7:8 
Wetted wall 2-6 3-4 


and the increased steam-side resistance under spray conditions would appear to be caused 
by the action of the liquid spray in causing decreased steam turbulence. No attempt has 
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been made to pin-point the cause of the increased liquid-side resistance for the wetted- 
wall column, but since the wetted wall has a decreased end effect the mechanical action 
of the entering steam velocity may be causing a high degree of liquid disturbance at the 
bottom of the column, and this effect would be expected to be larger for spray conditions. 

A considerable amount of literature is available giving theoretical and experimental 
results for counterflow columns, and a study of a suitable text on the subject) will 
indicate the probable changes in stripping efficiency under altered conditions of plant 
size or design. For instance, a plant having a column diameter of about 3 ft. and pro- 
cessing at a rate of 10,000 lb./hr. would have different characteristics than those shown 
in Fig. 5. Such a plant with a pressure spray head would allow much of the liquid to 
flow down the cylinder walls as a wetted-wall column and the characteristics of a nominal 
counter-current spray stripping column would be intermediate between those given for 
a spray and a wetted-wall column. 

The liquid-side resistance for the full-size plant would be about 75° greater than the 
wetted-wall resistance of the experimental column, due partly to the increased mass flow 
per unit length of perimeter and partly to the decreased liquid disturbance at the points 
of steam entry; a value of (HTU),=4-7 for water can be used. For cream the increased 
viscosity would decrease the Reynolds number and allow a thicker film, and one could 
expect a slight decrease in film resistance. An assumed figure 10°% less than for water 
gives, for cream, (HTU), =4-25. 

Taking into account the different physical conditions in a full-sized plant, particularly 
the increased ratio of diameter to height, the steam-side resistance would be smaller than 
for the experimental column, although the degree of change would depend on the pro- 
portion of flow striking the walls of the column. Until further knowledge can be obtained, 
a value of (HTU),=1-3 taken from oxygen stripping vessels(3) can be used. Thus in a 
full-size plant the probable characteristics are 


for water (H7'U), =4:7 +1°3 (1/F), 
for cream (HTU), =4-25+1:3 (1/F). 


The average value of 1/F in practice appears to be about 0-4, so that for practical 
conditions the height of a transfer unit is controlled not by the steam-side resistance but 
by the liquid-side resistance, and variations in the steam-side resistance alone would not 
have an important effect on most taints. For taints of low volatility the steam-side 
resistance becomes of more importance. The probable water characteristic is shown 
dotted in Fig. 6, and in Fig. 7 comparison with curve A showing the effect of the increased 
liquid-side resistance and the decreased steam-side resistance. Curve B on Fig. 7 is for 
double-contact countercurrent operation, and curve C' is for double-contact operation, 
these being replots of curves F and B of fig. 2, Part II. Comparison of these curves 
shows that a continuous counterflow deodorization plant can be designed to lower the 
taint concentrations very rapidly, even when small values of the stripping factor are 
used. Low residual taint levels are more easily obtainable by multiple contact 
countercurrent equipment, as illustrated by curve B for a two-stage plant. If, for 
example, some taint has to be reduced to a taint level of 3° of the initial value, 
and this particular taint has m=20, then Fig. 7 shows that a plant having charac- 
teristics denoted by the dotted line cannot achieve satisfactory deodorization, the double- 
contact plant requires 0-5 lb. steam per lb. of liquid, the double-contact counterflow plant 
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would require 0-25, and the experimental spray column would require 0-24 lb. steam 
per lb. of liquid. It should be noted that deodorizing equipment of two types can have 
identical values at the design point, but give widely different degrees of taint removal at 
other stripping factors. Use of the characteristic for cream already given will show that 
to reduce the hypothetical taint from 100 to 10 when m=10 will require 0-23 lb. of 
deodorizing steam per lb. of cream, a figure which seems close to actual figures in practice. 
Using diacetyl as a reference substance in an A.P.V. Cream Treatment Unit, stripping 
factors of 5-0-10-0 can be obtained, and the results show an almost constant minimum 
taint level closely corresponding to the values given by the dotted line in Fig. 7, and in 
general the present known performance of this plant can be predicted by this curve or the 
appropriate one for cream. 

It is important to note that in the experiments using the column as a wetted wall the 
liquid-flow rates were varied from 760 to 1000 lb./hr. in the series of runs. The line repre- 
senting the linear correlation in Fig. 5 is, therefore, for a limited liquid flow range only. 
Theoretical and experimental studies of mass transfer in wetted-wall columns show that 
(HTU), increases with an increase in the Reynolds number 

4(flow rate in lb./hr. per ft. of penmete® (3) 


(Reynolds number = ee cai eeteen 
viscosity 


so that in any counterflow system a large increase in flow may give rise to increased 
liquid-side resistance (H7T'U),. The correlation used in Fig. 5 can be used only where 
(HTU), is constant, either by virtue of constant liquid flow rate or due to values of k, 
increasing at much the same rate as the rate of liquid flow. In the type of short column 
dealt with in this paper, the end effects no doubt obscure the fundamental effect of a 
(HTU), which increases with increased flow rate. 


SUMMARY 


The use of a column to give countercurrent contact of steam and cream to strip taints 
from the cream is explained. An analysis based on the engineering concept of a transfer 
unit is presented, and generalized curves are given which can be used for any counterflow 
column using fresh steam. The generalized curves give the percentage reduction in taint 
for values of the stripping factor (mV/Z) when the number of transfer units is known. 

It is further shown that the number of transfer units for any particular design of 
column depends on the value of the stripping factor. The total resistance to the transfer 
of taint (HTU), depends on a liquid-side resistance (H7'U), and a steam-side resistance 
(HTU), such that (HTU),; =(HTU),+L/mV(HTU),. 

Results are given for an experimental column in which the liquid flows as (a) a spray, 
(6) a falling film or wetted wall. A strong deodorizing effect occurs at the bottom of the 
column and the resistances to transfer are 


Liquid side Steam side 
ft. ft. 
Spray 2 78 
Wetted wall 2-6 3-4 


Resistances for a full-size plant 3 ft. diameter processing at 10,000 lb./hr. are assessed 


from the above figures as: 
ft. ft. 

Water 4- 

4 


7 
Cream “25 


13 
13 
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Restriction of the process of taint transfer is controlled largely by the liquid-side 
resistance. Because the minimum obtainable taint level depends on the liquid-side 
resistance (no matter how much steam is used) a low liquid-side resistance or a tall 
column must be used for satisfactory deodorization. A minimum of 4 transfer units is 
suggested, as this will allow a taint to be reduced to nearly 1-8% of the original value. 

A design method is given based on hypothetical taint conditions, the generalized 
curves, and the characteristics of any proposed counterflow column. 
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NOMENCLATURE 
A =surface area of liquid-vapour interface ( ft.”). 
a=surface area of liquid-vapour interface ( ft.?/ft.3) of column volume. 
b=L/mV, reciprocal of stripping factor. 
C'=taint concentration, lb./ft.3. C,, for liquid, C; for interface. 
D=concentration difference, z—z,. 
e=2-718. 
F=stripping factor, mV/L. 
H = Henry’s Law Constant, where p= HC. 
k,=film conductance, liquid. (k/, for vapour.) lb./hr. ft.2 based on unit concentra- 
tion difference x,—2; for liquid, and unit vapour pressure difference for 
vapour. 
k,=film conductance, liquid. (4, for vapour.) lb./hr. ft.2 based on unit concentra- 
tion difference C;,—C; for liquid, and unit vapour pressure difference for 
vapour. 
K’, =overall conductance based on liquid concentration (x values). lb./hr. ft.? per 
unit concentration difference. 
K,,=as for K‘, but based on C values. 
L=rate of liquid flow (Ib./hr.). 
m=equilibrium constant. 
M=molecular weight, M, for diffusing component, M, for carrier gas or vapour. 
N =rate at which taint is removed from liquid (Ib./hr.). 
n=number of transfer units. 
p=vapour pressure, p; for interface. Atmospheres. 
P=total pressure. Atmospheres. 
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S=cross-section area of column (ft.?). 

V =outlet steam flow (lb./hr.). 

x=taint concentration in liquid (lb./Ib.). x,, inlet; x), outlet; z,, at equilibrium; 
Z,-,, at inlet equilibrium; z,, interface. 

y =taint concentration in steam (Ib./lb.). y,, inlet; y), outlet; y;, interface. 

Z=height of column (ft.). 

p=liquid density (lb./ft.*). 

(HTU) =height of a transfer unit; (HT U),=liquid film, (HTU), =steam film; (HTU), = 

overall based on liquid concentration (ft.). 


APPENDIX I 
The rate equations and height of a transfer unit 

Because the free energy levels tend to equalize, a solute will move from the liquid to the 
steam under a fugacity-difference driving force, similar to the transfer of heat under a 
temperature-difference driving force. Under the physical conditions of low solute con- 
centration existing in stripping operations the fugacity driving force in the vapour phase 
can be replaced by a partial pressure driving force, and on the liquid side, mass transfer 
is due to a difference in solute concentrations between the bulk of the liquid and the 
concentration at the interface. 

The rate of solute stripping = dz and this must equal the rate equation k,a(C;, —C;) 
SdZ, therefore Ldx=h,a(C,—-C,)SdZ, (Al) 


and since C=pz, where p=liquid density 
a=|" = (A2) 


1 @—«; hap 





or (Column height) =(no. of transfer units x (height of a transfer unit). 


The value of the integral can be calculated by graphical integration provided the 
value of x;, the concentration at the interface, is known. Because it is not always possible 
to determine z;, a method of calculation based on an overall driving force can be used 
by converting solute partial pressures to equivalent liquid concentrations by the vapour- 
liquid equilibrium line, especially when the line is straight over the operating range. 

By definition based on similarity to equation A2 


a= ("= Ls (A3) 


z—x, Kyap’ 





where K, is an overall coefficient based on liquid concentrations. 

If experimental values of K,a are applied to equation (A3) it is possible to calculate 
the value of Z because the integral can always be evaluated. 

Similarly, from the vapour side 


Vdy=k,a(p;—p,) SdZ, (A4) 
vu dy V/S M, (A5) 


_ “| a ae 
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since y=pMa/PMb (which holds true when a solute is present in a small proportion). 
Thus overall liquid height of a transfer unit equals 








L/S 
HTU),=>— A6 
. . ( \b K,.ap ( ) 
Liquid film height of a transfer unit equals 
(TU), = (A7) 
. . k,ap 
Gas film height of a transfer unit equals 
. V/S M, 
(EIU) oP M, (A8) 


(The general expressions given in (A6), (A7) and (A8) reduce to those for the special 
case given in the paper when substitutions for the appropriate driving forces are made.) 
The rate equations give the same mass transfer whether liquid film, vapour film or 
overall coefficients are used and, by equating these three rate equations it can be shown 
that : 1 
K, hy" Hk,’ 
J g 
where H is the Henry’s Law constant. 
Inserting values of K,, k, and k, from equations (A6), (A7) and (A8) into equation 
(A9) we get 


(A9) 


(HTU), =(HTU), +, (HTU),. (A 10) 
Where the equilibrium characteristic line is straight, x—~, is linear with x. Writing D for 
L— 2, 
e dD D,-D, _ Ly %q 


Equation (A3) then becomes 
eae (Oke te PO ee 
is 7], D~De=Dol », D “DD, ay 


1 


D,-D 
Since oe Dy, = (x a Badu. 
a! 
log, D, 
L,—-F 
then in —*__., All 
(x iia tev. ( ) 


APPENDIX II 
Effect of the number of transfer units and stripping factor on deodorization 
Concentration difference at the top of the column=z,—Z,,. 
Concentration difference at the bottom of the column =2,—0. 


, ; , (x, —2,,)—2, 
Logarithmic average concentration =—~—+—_"’ 
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From a material balance 


y, OL 
Le = “i “oo (1 — Xp) = (x, — 29), 
where b=1/F=L/[mV. 
Thus n= Sa tino — ba, + bay 
L,—ba,+bay—%y ~~“ Lo 
or % (1 = be baty _ end—b) 
‘0 


(A 12) 


Z, b—er4-Y) end) 
Where mV/L is large, b is small, and the value of z)/x, tends to equal le”. 


Where mV/Z is small, 6 is large, and the value of x9/xz, tends to equal (b—1)/b. 


(MS. received for publication 17 June 1955) 
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612. STEAM DISTILLATION OF TAINTS FROM CREAM 


II. INVESTIGATIONS ON COMMERCIAL EQUIPMENT WITH USE OF 
DIACETYL AND ACETOIN AS REFERENCE SUBSTANCES 


By F. H. MCDOWALL 
The Dairy Research Institute (N.Z.), Palmerston North, New Zealand 


(With 4 Figures) 


A method for comparing the effectiveness of different conditions of treatment in com- 
mercial cream-deodorization units, using diacetyl and acetoin as reference substances, 
has been described by McDowall(1); and it has been discussed in some detail in Part 1 of 
this series). Apart from the vapour-pressure factors discussed in Part I the degree of 
deodorization obtained can be affected by the physical conditions prevailing in the 
deodorization apparatus—time of contact between steam and cream and its relation to 
degree of equilibrium reached, extent and conditions of admixture of steam and cream, 
and a number of other factors. The importance of these factors may vary for different 
machines, and with differences in the rate of flow of cream in any one machine. Hence 
the final basis of judgement must be the results of an investigation on the machine itself 
under normal conditions of operation. Some results of such an investigation on the 
operation of the Vacreator*, with employment of diacetyl and acetoin as reference 
substances, are given in the present paper. 


Methods of analysis 


Study of the operation of a deodorization unit is simpler with water as the treated medium 
than with cream, since the reference substances can be estimated directly in samples of 
the issuing ‘deodorized’ liquid. When cream is used as the treated medium (a) the cream 
must first be pasteurized, since bacteria in raw cream rapidly alter the diacetyl content; 
and (b) the analysis is more complicated and time-consuming because (i) diacetyl must be 
separated from cream, before estimation, by steam distillation in the laboratory, and 
(ii) acetoin must first be oxidized to diacetyl which then is separated by steam distillation, 
before the colorimetric estimation is possible. For these reasons much of the experimental 
work described below has been done with water solutions of the reference substances. 
Some comparisons have been made of the rates of removal of the reference substances 
from cream and water, to provide an indication of the extent to which the results obtained 
with water could be accepted as valid for the treatment of cream. 

Diacety] in water was estimated by the method of Pien, Baisse, and Martin as modified 
by Cox & Wiley (3). Acetoin in water was estimated by the Voges-Prokauer reaction 
according to the procedure described by Eggleton, Elsden & Gough (4), or, after oxidation 


* Vacreator is the registered trade mark of the Murray vaccum-pasteurizer manufactured by Murray 
Deodorizers Ltd., Auckland, New Zealand. 
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to diacetyl with ferric chloride, by the method of Pien, Baisse & Martin (5). Diacetyl and 
acetoin in cream and butterfat were estimated by the Cox & Wiley modification of the 
method of Pien et al. (3). 


INVESTIGATIONS ON OPERATION OF THE VACREATOR 
The main features of the construction of the Vacreator are shown in Fig. 1. Cream is 
passed in droplet form, concurrent with steam introduced at S, through the pasteurizer 
section A, past a floating choke B, termed the equilibriwm-valve, into a region of lower 
pressure in the uptake-pipe, C, above the equilibrium-valve and in the cyclone-separator 














' 
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T3 
APO 
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TU 4 ' 

















Fig. 1. The tandem M-type Vacreator. 


chamber D. The change in pressure at the equilibrium-valve is controlled by the tension 
applied to the valve through a spring-controlled wire, and the degree of vacuum 
applied in the uptake-pipe and separating chamber is regulated by adjustment of the 
snifter-valve F. The steam is drawn away via the vapour-pipe and gooseneck, G, to the 
ejector-condenser H. The intensity of steam distillation applied is indicated by the amount 
of heat transferred to the condenser water, measured by the change in temperature of 
the water (difference between readings of 7’, and T,), and the volume of water flow 
per hour (as read from a table using pressure-gauge reading on P,), i.e. by the number of 
heat units taken up by the condenser water as an index of quantity of steam condensed 
from the treated liquid. With constant cream and water flows the extent of steam distilla- 
tion applied is proportional to the rise in temperature of the water in the ejector-condenser. 

The cream from the first chamber passes through float tank O and valve T to a region 
of peak vacuum (about 28 in. of mercury) in the uptake-pipe M of the cooler section N. 
Usually the only steam distillation occurring in this unit is that resulting from the flash 
boiling required to adjust the temperature of the cream to the boiling-point corresponding 
to the vacuum applied. There is provision for injection of additional steam at the 
infuser K; and also at the diffuser Z, but this latter is seldom used since it reduces the 
vacuum in the final separating chamber, and so the degree of reconcentration obtained. 
(For a more detailed description of the operation of the Vacreator, see (6).) 

Some dilution of cream may occur in the Vacreator from one or more of several sources: 
(1) from water present in the steam as it reaches the cream in the machine—as carry-over 
from the boiler, or as condensate in the pipe-line, or as excess humidification water added 

4 Dairy Res. 23 
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to reduce burning-on in the pasteurizer section (where the steam contains superheat); 
(2) from condensation of steam into the cream in the pasteurizer chamber, giving adjust- 
ment of the temperature to the boiling-point at the pressure obtaining; and (3) as radia- 
tion condensate. In some Vacreator installations the cream is preheated before it is 
delivered to the Vacreator. If the temperature of preheating is higher than the exit 
temperature of the cream, there is actually a concentration of cream in the unit (see (3), 
p. 362). The extent of dilution or concentration can most readily be gauged by use of a 
reference substance, such as common salt, added to the water or cream before treatment, 
or by measurement of the fat contents of the cream before and after treatment. Since 
the present investigations were mainly comparative, this method of measuring dilution 
has not always been used. Instead, where allowance for dilution has been required it has 
been made by computation of the expected dilution or concentration, based on measure- 
ments of temperatures or vacua applied, and with an allowance of 4% for condensate 
and carry-over of water with the steam as introduced to the machine. Checks were made 
on the validity of this correction by use of sodium chloride as a reference substance in 
the water solution. 


EXPERIMENTAL RESULTS 
(1) Time of contact of steam and cream 


Steam and cream are in contact for only a very short time in the Vacreator. The time of 
contact varies with rate of flow of steam, with rate of flow of cream, with size of uptake- 
pipe, with position of entry of steam, and with position of the equilibrium-valve. In the 
pasteurizer section the steam is in contact with the cream in droplet form. At the 
pasteurizer section bend and in the passage through the equilibrium-valve and up the 
uptake-pipe the steam is in contact with flowing cream under conditions of rapid agitation. 
With high rate of flow of steam the velocity of the steam is greatly increased, and, since 
the cream is carried around the machine by the current of steam, the total period of 
retention of the cream in the pasteurizer uptake-pipe is also reduced. Similarly, with 
high rates of flow of cream the time of contact is reduced. It was of interest to know 
whether with varying rates of flow of steam and cream the conditions in the Vacreator 
provide a period of contact sufficient to permit establishment of equilibrium of tainting 
substances as between the liquid and the vapour phases. Since at the time these runs 
were made absolute vapour/liquid equilibrium data for the pure reference substances were 
not available, the investigation was made on a comparative basis using the commercial 
product, which had been found to be of reasonable purity. 


(a) Width of uptake-pipe 

The characteristics of the flow of cream in the uptake-pipe of a Vacreator have not 
been investigated. It is probable, however, that the cream is carried up the walls of the 
pipe by the current of steam. Under these conditions it is likely that the cream surface 
will be wavy and that there will be much agitation in the cream layer. The diameter of 
the uptake-pipe is likely to affect conditions of cream flow in the pipe, and therefore the 
intimacy and time of contact of steam with cream. Some comparisons were made with 
3 and 7} in. uptake-pipes on a commercial Vacreator. The results showed that there was 
no significant difference in the degree of deodorization obtained. 
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(b) Baffles in the uptake-pipe 

The baffles consisted of crosses of ? in. strip of length equal to the uptake-pipe internal 
diameter, fitted at 14 in. intervals on a rod along the full length of the uptake-pipe and 
staggered so as to give maximum change of direction of flow of steam and liquid during 
their passage up the uptake-pipe. Some results of comparative runs without and with 
these baffles in place are given in Table 1. There was evidence of a slight but scarcely 
significant difference due to the insertion of the baffles. Similar results were obtained 
in comparisons with and without baffles in the cooler unit uptake-pipe. 


Table 1. Effect of baffles in uptake-pipe of pasteurizer section of Vacreator on extent 
of removal of diacetyl and acetoin from cream 


Concentration in treated liquid 
Original A 





Reference concentration Without baffles With baffles Difference 
substance (p.p.m.) (p.p.m.) (p.p.m.) (p.p.m.) 
Diacetyl 8-90 1-15 1-11 - 0-04 
1-20 1-11 — 0-09 
Acetoin 4-60 3-0 2-80 — 0-20 
2-90 2-80 -0-10 
2-95 3°05 +0:10 


(c) Length of uptake-pipe 

Increase in length of uptake-pipe increases the volume of steam in contact with liquid 
and therefore the time of contact. The normal 3 ft. long vertical 2} in. uptake-pipe on 
the Institute ‘Baby’ model Vacreator was replaced by a 14 ft. long coil of 14 in. pipe 
rising uniformly in three turns of diameter 1-5 ft. Some comparative results with use of 
this coil are given in Table 2. They show that the increase in length of the uptake-pipe 
had no effect on the extent of removal of the reference substances. 


Table 2. Effect of length of uptake-pipe in Vacreator on extent of removal of reference 
substances from water 


Concentration in treated liquid 
A 





Weight of steam r ~\ 
per gallon of liquid Normal uptake-pipe Coiled uptake-pipe 


Reference substance (Ib.) (p.p.m.) (p.p.m.) 
Diacetyl in water, 2-4 1-1 1-0 
10 p.p.m. 3:3 0-7 0-7 
4-1 0-6 0-65 
5-0 0-5 0-5 
56 0-5 0-5 
Acetoin in water, 2-4 2°35 2-20 
4-30 p.p.m. 6-0 2-05 2-05 


(d) Position of equilibrium-valve 
Placing of the equilibrium-valve at the top of the uptake-pipe, instead of at the bottom, 
had no effect on the degree of removal of reference substance from water solution. 


(e) Position of entry of steam 
(i) Introduction of steam at infuser inlet. Steam can be introduced into the deodorizer 


unit of the Vacreator either wholly at the main steam inlet, S, or partly at this inlet and 


partly at the infuser inlet, K. Steam introduced at the infuser is in contact with the 
4-2 
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treated liquid only during its period of passage through the uptake-pipe. (Normally in 
Vacreator operation at medium intensities of treatment the steam is introduced only at 
the pasteurizer steam inlet, but with high intensities of treatment the choking effect of 
the equilibrium-valve may cause some disruption of fat globules, and therefore an increase 
in the fat losses in churning. It is then an advantage to introduce a portion of the steam 
at K.) 

The Vacreator was set in operation with all the steam entering at the steam inlet S. 
Samples were taken from the intermediate float tank. The steam flow at S was then 
reduced, the condenser water outlet temperature was noted, and steam was then intro- 
duced at the infuser, K, to bring the condenser water temperature to the original value. 
The difference between the two temperatures was the ‘rise’ resulting from steam applied 
at the infuser. The results in Table 3 show that with diacetyl in water there was no 


Table 3. Effect of position of entry of steam in Vacreator on extent of removal of : 
reference substance 


Condenser water temperature 





rise due to Reference 
c A substance in 
Steam at Steam at treated Percentage 
Reference main inlet infuser liquid reduction in 
substance Liquid used (°F.) (°F.) (p.p.m.) concentration 
Diacetyl, Water 70 0 1:5 85 
10-0 p.p.m. 55 15 1:5 85 
40 30 1-5 85 
25 45 15 85 
10 60 1-5 85 
40 0 1:8 82 
25 15 1:8 82 
10 30 1:8 82 
Diacetyl, Cream 70 0 0-66 92-7 
9-0 p.p.m. 55 15 0-66 92-7 
40 30 0-68 92-2 
25 45 0-80 91-1 
10 60 0-78 91-3 
Acetoin, Water 70 = 5-0 50 
10-0 p.p.m. 55 15 5-1 49 
40 30 5:2 48 
25 45 55 45 
10 60 5-7 43 
40 _ 6-5 35 
25 15 6:8 32 
10 30 7-0 30 
Acetoin, Cream 70 0 4-4 53-2 
9-4 p.p.m. 55 15 4:7 50 
40 30 4:8 49 
25 45 5:0 46:8 
10 60 5:2 44-7 


lowering in efficiency of taint removal through introduction of portion of the steam via 
the infuser. With diacetyl in cream, on the other hand, the efficiency was slightly reduced 
at high rates of steam flow through the infuser. With acetoin there was a progressive 
reduction in extent of removal of reference substances from both cream and water, with 
a gradual increase in the proportion of steam introduced at the infuser. 

Halving the time of contact of the treated liquid with the steam added via the infuser, 
by varying the ‘vacuum applied’ in the deodorizer unit over the range 8-20 in. (the 
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volume of steam at 8 in. vacuum is only half the volume at 20 in. vacuum), did not cause 
any reduction in the extent of removal of reference substance, apart from the effect of 
temperature of distillation on acetoin removal (see later). 

(ii) Introduction of steam at bottom of pasteurizer bend. Steam introduced at the normal 
pasteurizer inlet is in contact with cream in droplet form during the period of fall to the 
bottom of the pasteurizer section. The effect of introducing all of the steam at the bottom 
of the pasteurizer bend instead of through the main steam inlet (i.e. at S1, Fig. 1, instead 
of at S) is shown in Table 4. 


Table 4. Effect of introducing steam at bottom of pasteurizer bend instead of at normal 


steam inlet on extent of reference substance removal 
Concentration in treated liquid 
A 





Temperature Weight of steam - . 
rise in con- per gallon of Steam at Steam at 
denser water liquid normal inlet pasteurizer bend 
Reference substance (°F.) (Ib.) (p.p.m.) (p.p.m.) 

Diacetyl in water, 25 1-45 1-8 1:8 
11 p.p.m. 35 2-82 1-7 1-7 
45 3-63 1-6 1-5 
55 4-58 1-4 1-4 
65 5-08 1-4 1-4 
Acetoin in water, 25 1-89 8-2 7-7 
10-6 p.p.m. 35 2-57 7:3 7-7 
45 3-41 6-9 7:3 
55 4:17 6-7 7-0 
65 4-92 6-2 6-5 


Even when steam is introduced at S! some steam will be in contact with the droplets of 
liquid falling down the pasteurizer cylinder, but the main volume of steam would pass up 
directly through the equilibrium-valve instead of having been in contact with the liquid 
in droplet form. The results show that the delivery of steam at the bottom of the bend 
instead of at S had no significant effect on the amount of reference substance removed 
from water. 

(2) Rate of flow of treated liquid 

Time of contact of steam with treated liquid is influenced by the rate of flow of the 
liquid. With increase in rate of flow at any one rate of steam injection it can be expected 
that the quantity of liquid contained in the uptake-pipe will increase, but not in propor- 
tion to the rate of flow. But to keep the intensity of treatment constant it is necessary to 
increase the rate of flow of steam, which has the double effect (i) of reducing the time of 
retention of the steam in the machine, and (ii) of carrying the liquid through the machine 
more rapidly. The results in Table 5 show that with diacetyl in water there were some 
indications that increase in rate of flow of liquid at constant intensity of treatment had 
some slight retarding effect on the attainment of equilibrium, but with acetoin in water 
there was no change in the efficiency of utilization of the steam with a 150% increase in 
rate of flow of the treated liquid, this despite the greatly reduced time of contact of steam 
and treated liquid at the increased rate of flow. 


(3) Temperature of pasteurization at constant steam distillation temperature 


The temperature of pasteurization of cream in the Vacreator is the temperature reached 
in the pasteurizing section, as registered by the thermometer at Z. By increasing the 
tension on the equilibrium-valve and at the same time keeping the vacuum applied in the 
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Table 5. Effect of rate of flow at constant intensity of treatment on extent of removal 
of reference substances 


Concentration 
Temperature _ of reference 

rise in con- substance in Percentage 

Rate of flow denser water treated liquid reduction in 

Reference substance (gal./br.) (°F.) (p.p.m.) concentration 
Diacetyl in water, 60 24 1-4 85-7 
9-8 p.p.m. 80 32 1-5 84:7 
100 40 1-6 83-7 
120 48 1-6 83-7 
140 56 1-6 83-7 
Acetoin in water, 60 24 6-7 35-6 
10-4 p.p.m. 80 32 6-6 36°5 
100 40 6-7 35-6 
120 48 6-7 35:6 
140 56 6:7 35:6 


separating chamber constant by means of the snifter valve F, the temperature of 
pasteurization can be varied over a 50° F. range. (This for pasteurization temperatures 
above 210° F. involves use of a closed head and pumping of the cream or water into the 
Vacreator against a slight steam pressure.) The results in Table 6 indicate (a) that the 


Table 6. Effect of variation in pasteurization temperature on extent of removal of reference 
substances at constant rate of flow and constant intensity of treatment 


(Temperature in separating-chamber, 180° F) 


Concentration of reference substance in cream 
aie 











ie ‘ 
Diacetyl Acetoin 
Temperature of r A . A — 
pasteurization Original After treatment Original After treatment 
(°F.) (p-p.m.) (p-p.m.) (p-p.m.) (p-p.m.) 
220 7-2 0-46 4:7 2-9 
210 ue 0-49 me 2-9 
207 — 0-46 sia 3-0 
190 - 0-47 ais 2-9 


higher temperature of pasteurization (which could possibly have altered the vapour/liquid 
equilibrium relationship prior to passage of the liquid past the equilibrium-valve) had 
no effect on the extent of reference substance removal; and (b) that flash steam had 
quantitatively the same effect as introduced steam on the extent of reference substance 
removal. 


(4) Temperature of steam distillation 


In Part I of this series (2) reference has been made to the effect of change in temperature 
on the relative vapour pressure of water and the reference (or ‘tainting’) substances. 
From this discussion it could be expected that diacetyl, which has a lower boiling-point 
than water, would be more readily removed (per unit weight of steam used) at low than 
at high temperatures of steam distillation, and that acetoin would be more readily removed 
at high temperatures.* Since, however, the vapour pressure of both diacetyl and acetoin 
in very dilute solutions is very much higher than would be expected from Raoult’s Law 


* Tn the discussion in Part I () (see also (6), (7)), it has been shown that vacuum applied, per se and apart from 
its effect on conditions of steam distillation, cannot have any influence on the removal of tainting substances 


present in very small proportion. 
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(activity coefficients 26-4 and 5-4, respectively 2)), and since there are at present no data 
on the effect of temperature on these coefficients, the theoretical indications may not 
necessarily apply. The figures in Table 7 show that temperature of steam distillation at 
constant intensity of treatment has no significant effect on the extent of diacetyl removal, 
but that it does have the expected effect on the extent of acetoin removal. 


Table 7. Effect of temperature of steam distillation on extent of removal of diacetyl 
and acetoin from cream and water 


Concentration 
Temperature of reference 
Vacuum of steam substance in Percentage 
applied distillation treated liquid* —_ reduction in 
Reference substance (in. of Hg) (°F.) (p-p.m.) concentration 
Diacetyl in water, 8 197 0-13 98-7 
10 p.p.m. 12 187 0-13 98-7 
16 176 0-13 98-7 
20 162 0-13 98-7 
Diacetyl in cream, 8 197 0-6 90-7 
8-6 p.p.m. 12 187 0-5 91-8 
15 179 0-5 91-8 
18 170 0-5 91-8 
21 157 0-5 91-8 
244 138 0-5 91-8 
Acetoin in water, 8 197 4-4 45 
8 p.p.m. 12 187 4-6 43 
16 176 4:8 40 
20 162 5-0 38 
Acetoin in cream, 5 203 2:80 37°8 
4-5 p.p.m. 10 193 3-25 27:8 
15 179 3°35 25-6 
19 166 3°35 25:6 


* Corrected for variation in amount of flash evaporation. 


The cooler section of the Vacreator is always operated at peak vacuum, in order to 
effect the maximum amount of evaporative cooling and of cream concentration. The 
temperature of steam distillation in this unit, therefore, is controlled by the degree of 
vacuum obtainable, and this is influenced by a number of factors—rate of flow and 
temperature of the ejector-condenser water, rate of flow of cream, temperature of cream 
in the intermediate float tank—and also by the overall state of efficiency of the machine 
itself—condition of the cones in the ejector-condenser, and absence of leaks in the cooler 
unit. Under normal conditions of treatment the temperature of the cream in the cooler 
unit is 110-120° F. If the cream in the intermediate float tank is at 180°, there is in the 
cooler unit an evaporation of approximately 0-6 lb. of steam per gallon of cream. The 
deodorizing effect of this flash steam is equivalent to that of introduced steam at the 
temperature of steam distillation obtaining, which is always considerably lower than the 
temperature of steam distillation in the deodorizing section. The lower temperatures 
prevailing in this unit may cause a change in the equilibrium coefficient of the tainting 
or reference substance; and the high value for the volume/weight ratio for steam at low 
pressures will cause a marked reduction of the time of contact of steam and cream. It is 
possible, therefore, that steam introduced in the cooler section may not be so effective 
for deodorization purposes as steam introduced in the deodorizing section, where the 
temperatures and pressures are higher. This aspect of the subject is now under investigation. 
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INTENSITY OF TREATMENT IN RELATION TO EXTENT OF TAINT REMOVAL s por 
The results given above indicate that in the Vacreator the conditions are such as to permit ~ jn ] 
attainment of or a near approach to equilibrium distribution of diacetyl and acetoin as — ren 
between the steam and the cream, and that flash steam is not more effective than intro- ste 
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Fig. 2. Effect of intensity of treatment with steam in deodorizer unit of small-scale Vacreator on diacetyl 
content of waters of varied initial diacetyl content. 
Fig. 3. Effect of intensity of treatment with steam in deodorizer unit of small-scale Vacreator on acetoin 
content of waters of varied initial acetoin content. 
Table 8. Relation of intensity of steam distillation treatment to extent of removal of 
diacetyl and acetoin from water in the first section of the Vacreator 
Concentration of reference substance in water at inter- sa 
mediate float tank with condenser water temperature rise of a \ 
Concentration c es a mv 
Reference in water used* 107. 20° F. 30° F. 50° F. 70° F. ’ 
substance (p.p.m.) (p.p.m.)  (p.p.m.)  (p.p.m.) (p.p.m.) — (p.p.m.) eXxé 
Diacety] 18-3 57 4-2 3:3 3-0 2-5 dec 
9-0 2-9 1-9 1:8 1-45 1-25 dia 
53 1:8 1-4 Ll 0-9 0-75 
2-6 1-0 0-85 0-7 0-6 0-5 tal 
0-9 0-3 0-3 0-2 0:2 0-2 ” 
Acetoin 17-4 16-0 15-0 13-5 11-7 10-6 I ) 
8:7 8-1 75 6-9 6-4 5-8 | It 
53 51 4-6 4:3 3-9 3-5 : oo 
2-6 2-4 2:3 2-0 1-9 1-7 ‘ 
0-9 0-8 0-7 0:7 0-6 0-5 : 
* Corrected to give the concentration after dilution with steam in the pasteurizer unit. : pro 
am 
duced free steam. It can be expected, therefore, that the extent of reference sustance " 
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(a) Dhvacetyl. Because of its high vapour/liquid equilibrium coefficient a large pro- 
portion of the diacetyl passes into the steam at low intensities of treatment. With increase 
in proportion of steam introduced or evaporated there is a further increase in extent of 
removal of diacetyl; but because of the retarding* effect of the diacetyl already in the 
steam the attainment of the new equilibrium results in the removal of progressively 
smaller proportions of diacetyl per unit weight of steam applied. 

(b) Acetoin. Because of the relatively lower volatility of acetoin (see (2)) the curve 
showing change in concentration of acetoin in the treated liquid with increase in intensity 
of treatment is much flatter than the curve for diacetyl. The curve is not a straight line, 
indicating that as with diacetyl there is a progressive decrease in the efficiency of utiliza- 
tion of steam as the intensity of treatment is increased, but the change in efficiency of 
utilization is much smaller. 

The results in Table 9 and in Figs. 2 and 3 have an important bearing on the design of 
equipment for cream-deodorizing, and on the selection of conditions of treatment to be 
applied for optimum deodorization. Similar results were obtained with cream (see 
Table 9). 


Table 9. Relation of intensity of steam distillation treatment to extent of removal 
of diacetyl and acetoin from cream in the first section of the Vacreator 


Concentration in cream at intermediate float tank 





Initial with condenser water temperature rise of 
concentration c < ~ 
Reference in cream 30° F. 50° F. 70° F. 
substance (p-p.m.) (p.p.m.) (p.p.m.) (p.p.m.) 
Diacetyl 10 1-06 0-80 0-66 
6 0-68 0-60 0-48 
3 0-35 0-28 0-17 
1 0-10 0-08 0-06 
Acetoin 10 7-4 6-4 5-0 
6 3-9 3-70 2-95 
3 1-9 1-74 1:36 
1 0-8 0-66 0-63 


If the properties of the tainting substances present are similar to those of diacetyl, 
a very substantial increase in efficiency of stem utilization can be obtained by use of 
multiple vessels and application of small amounts of treated steam in each vessel. For 
example, a certain amount of steam used in two portions in the triple Vacreator (two 
deodorizers plus a cooler unit) is more effective in removing an easily volatile taint like 
diacetyl than the same amount of steam used in a tandem machine. With less volatile 
taints, similar to acetoin, the use of a triple Vacreator instead of the tandem machine still 
permits a somewhat more efficient utilization of the steam, but the difference is smaller. 
It is evident that for a tainting substance of low volatility there is no alternative but to 
use large amounts of steam (see also), p. 379). Since it can conceivably occur that the 


* The process is similar in principle to a rinsing process. If a first rinse removes from the fabric a large 
proportion of the ‘soil’, then double the volume of the rinse water does not give a proportionate increase in the 
amount of soil removed, because as the added water removes extra soil from the fabric it must also at the same 
time correspondingly dilute the heavy concentration of soil in the rinse water already present. 

+ In continuation of the rinsing process analogy, where the proportion of soil removed per unit volume or 
rinse water is smaller, the added water is used up less in reducing the concentration of the rinse water to the 
equilibrium value, and more is available for direct removal of soil from the fabric. 
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quantity of steam required is greater than can be taken through one tandem unit at the 
desired rate of flow, there is for removal of this type of taint an additional advantage in 
having a triple unit instead of a tandem unit. With a triple unit, however, if waste of 
steam is to be avoided, it is particularly necessary that the operator should limit the 
quantity of steam introduced in each unit to the minimum required to give the desired 
degree of deodorization. 

The curves in Figs. 2 and 3 also are of interest in relation to claims made for the 
deodorizing effectiveness of types of equipment in which the cream is passed either 
counter-current to the flow of cream(8), or counter-current between treatment vessels (9). 
With diacetyl-like taints the possible saving from both types of deodorizer is very con- 
siderable (9). With acetoin-like taints the possible saving is much smaller. For cream 
containing taints of this latter type the Steam-Stitcher attachment to a triple Vacreator— 
because it restricts the amount of steam that can be passed to that corresponding to the 
maximum capacity of a single condenser unit—may be a limiting factor preventing 
adequate deodorization. This disadvantage will be more evident with a high-acid cream 
treated with carbonate neutralizers, because high content of non-condensable gases in the 
vapour passing to the condenser reduces the steam-condensing capacity of the unit, 
commensurate with maintenance of the desired ‘vacuum applied’. There are various ways 
of increasing the steam-condensing capacity of the condenser, e.g. increasing the pressure 
in the water-line to the condenser, enlarging the condenser jets to give increased water-flow 
and increased condensing surface, or introducing auxiliary condensing equipment ((3), 
pp. 1165-7). In default of any of these modifications it could be an advantage with taints 
of low volatility to revert to use of the normal triple Vacreator, where fresh steam can 
be introduced at full flow in each vessel to give the maximum intensity of treatment. 


EQUILIBRIUM COEFFICIENTS FOR REFERENCE SUBSTANCES IN VACREATOR OPERATION 


The equilibrium coefficient for diacetyl in solutions in water in concentrations of up to 
50 p.p.m. has been shown to be 39-3 (at atmospheric pressure), and for acetoin in water 
in concentrations up to 1-2%, 1-29). When the solutions of reference substances used 
are within these concentration ranges at time of partition, the effect of various conditions 
of operation of cream deodorization equipment on the efficiency of steam utilization can 
be gauged by comparing the computed equilibrium coefficient with the above absolute 
values—if equilibrium is being reached the computed coefficient should be of the same 
order as the determined absolute value. There are, however, a number of complications 
which render this method rather less precise than the simple comparative method: 

(a) The above equilibrium coefficients were measured at 100° C. The values may be 
different at the lower temperatures prevailing in the deodorizer section of the Vacreator. 

(b) In the continuous equilibrium vaporization method used in the laboratory (11) the 
concentration of reference substance can be determined directly in the vapour condensate. 
With the Vacreator this is not possible, since the vapour is absorbed into the condenser 
water and is thereby considerably diluted. The quantity of reference substance in the 
vapour must be estimated either by difference from the known quantity originally 
present and the measured residual quantity in the liquid, or from the content in the 
condenser water and the known rate of condenser water-flow. 

(c) The flow of liquid at time of partition must be computed from the measured flow 
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at the Vacreator outlet, i.e. allowance must be made for the flash evaporation in the 
cooler section. The extent of dilution can be estimated by use of a non-volatile 
reference substance, such as sodium or potassium chloride, and analysing for chloride 
in the samples before and after treatment, or they can be computed from the vacuum 


Table 10. Processing data and computed equilibrium coefficients for steam distillation 
treatment of a water solution of diacetyl. 


(Water contained 10-6 p.p.m. of diacetyl and gave a chloride titre of 2-68 ml.; vacuum in first separating- 
chamber, 15 in.; water-flow in condenser, 756 gal./hr.) 





Diacetyl content of Equilibrium coefficient 

Condenser po Chloride ? A _ 

water water at titre of Calculated 

Flow ex tempera- intermediate Condenser water at Calcu- from con- 

cooler unit ture rise float tank water float tank lated by denser water 
Code no. (g.p-h.) CE.) (p.p.m.) (p.p.m.) (ml.) difference analysis 

A 114 70 0-5 1-35 2-40 41-0 37-2 
B 102 60 0-6 1:35 2-30 33-8 36-1 
C 111 50 er 1-30 2-30 37:3 37:1 
D 115 40 0:8 1-25 2-30 41-5 39-0 


and temperature readings and the measured rate of flow at the outlet. A series of 
readings, and the equilibrium coefficients for diacetyl computed therefrom, are given 
in Table 10. The method of computation* used is illustrated as for run B, as follows: 


Flow at outlet = 102 gal./hr. 


Vacuum of 15in. represents temperature of approximately 180° F. in deodorizer. 
Temperature ex cooler unit = 120° F., therefore 60° F. drop in temperature represents 
6% concentration. Hence flow to intermediate float tank = 108 gal./hr. 


; 2: 
From salt titres, flow to machine - x 108 
= 93 gal./hr. 
Quantity of diacetyl in system = 930 x 10-6 x 10-8 


= 9868 x 10-6 Ib./hr. 
Diacetyl in liquid at intermediate float tank =0-6 x 1080 x 10-* 

= 648 x 10-6 lb./hr. 
Diacetyl in vapour = (9868 — 648) x 10-6 

= 9220 x 10-8 Ib./hr. 


* The calculation can be made also by use of the formula developed by Scott ((, p. 367, equation (A 2, 3)), viz. 
Qu 


4 L x L 
Equilibrium coefficient m= . = | -—@Q 
zs Ve 5 


“#9 


(For significance of the symbols see Scott’s schedule»), p. 365.) 
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7560 x 60* 


Water condensed 


Concentration of diacetyl in vapour 


Concentration of diacetyl in liquid 


Therefore equilibrium coefficient 





1000 
= 454 lb./hr. 
= 20-3 x 10-6 Ib. /Ib. 
=0-6 x 10-6 Ib. /Ib. 
20°38 


or, using the figure for diacetyl content of the condenser water: 


Quantity of diacetyl in condenser water = 7560 x 1-35 x 10-6 


Concentration of diacetyl in vapour 


Hence equilibrium coefficient 


The results for equilibrium coefficient obtained by the two systems (Table 10) are in 
reasonable agreement; and when the possible error in the data and the nature of the 
approximations used in the calculation as set out above are taken into account, they are 
in reasonably good agreement with the absolute value, 39-3, found by use of the laboratory 
continuous equilibrium vaporization still(10). They confirm also the conclusions reached 
from the comparative trials described earlier, that conditions of contact of diacetyl 
solution and steam in the Vacreator permit a close approach to equilibrium distribution 
of the volatile substance as between steam and water. 


EFFECT OF CONDENSATION OF ‘TAINT’ SATURATED VAPOUR INTO THE TREATED 


= 9860 x 10-6 lb./hr. 
_ 9860 x 10-§ 
454 
= 21-7 x 10-6 lb. /Ib. 
241 
0-6 


= 36:1. 


LIQUID IN THE VACREATOR 


The separating-chamber D (Fig. 1) of a Vacreator in operation is filled with taint- 
saturated steam. Condensation of some of this steam at the bottom of the separating- 
chamber through contact with the area cooled by the jacket water will cause some 
recontamination to occur. When the equilibrium coefficient of the tainting substance is 
high, even a small amount of recondensation will greatly reduce the efficiency of steam 
utilization, because of the resultant high proportionate rise in the concentration of 


* This is not strictly correct since the 756 gal. of condenser water include the condensate, which has not been 
raised in temperature. The computation of the quality of condensate, W, can be more accurately made as follows 


(temperature in deodorizer unit, 179° F.): 


Heat lost by steam =heat gained by condenser water. 


W x 1000 + W (212-179) =(7560 - W) x 60. 


Whence W =415 lb./hr. 


Since, however, the measurement of water-flow in the condenser was not taken at each run, and since some of 
the other observations were approximate only, this refinement has not been utilized in the calculations of the 
coefficients given in Table 10. 
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diacetyl in the liquid. If, for example, one-fortieth of the vapour becomes condensed, the 
apparent equilibrium coefficient for diacetyl will become 


39-3 39-3 
40 1 


i.e. approximately half the correct value. (This assumes, however, that there is no re- 
establishment of equilibrium as between steam in the chamber and the greater concentra- 
tion of diacetyl in the liquid (q.v.).) 

That such a depression of the observed equilibrium coefficient can occur was demon- 
strated with the continuous equilibrium vaporization apparatus described in (10), but 
with a water-jacketed disengagement tube. The results in Table 11 show that even a slight 


Table 11. Effect of temperature of water in jacket of separating vessel in continuous 
equilibrium vaporization apparatus on equilibrium coefficient for diacetyl 


Concentration of diacetyl in 
A 





Temperature of on _ idl 
water in jacket Liquid (C;) Vapour (Cy) Cy _ equilibrium 
(°F.) (p.p.m.) (p.p.m.) C, coefficient 
100 15 58-0 38-7 
90 2-5 52-0 30-8 
82 3:3 53-0 16-0 
68 5-0 68-0 13-6 
52 4-6 50-0 10-9 


lowering of the temperature of the water circulated through the jacket caused a sharp 
decrease in the equilibrium coefficient. A similar effect on the diacetyl content of the 
treated liquid was obtained when the rate of water circulation in the jacket of the first 
separating-chamber of the Vacreator was varied (see Table 12). 


Table 12. Effect of variation in rate of flow of water through jacket of small-scale Vacreator 
separating-chamber on diacetyl content of treated liquid leaving the separating-chamber 


(Diacetyl in original liquid, 20 parts per million.) 





Flow ex Condenser Jacket water 
cooling water temp- — —* Diacetyl Calculated 
Comparison unit erature rise Flow Temp. rise B.T.U. in treated equilibrium 
no. (gal./hr.) (°F) (g.p.h.) (°F.) added liquid coefficient 
1A 100 60 nil —_— _ 0-9 40-2 
B 100 60 168 49 82,320 1-5 23 
2A 100 20 nil — —_ 2-3 46 
B 100 20 168 49 82,320 4-0 22-5 


The amount of heat passing to the jacket-water indicates the condensation of approxi- 
mately 82 lb. of steam into the treated liquid, which represents about 7-5% by volume. 
The apparent equilibrium coefficients, computed as set out above, but with allowance in 
1B and 2B for the increase in volume of liquid caused by the condensation of vapour, are 
given in the last column of Table 12. The reduction in the coefficient resulting from the 
condensation of vapour back into the liquid is clearly shown. The reduction, however, 
is much smaller than would be expected from the indicated quantity of vapour condensed. 
It seems clear, therefore, that subsequent to condensation of the vapour, which increases 
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the diacetyl concentration in the liquid, there is some readjustment of equilibrium as 
between this more concentrated liquid and some of the steam later escaping to the 
condenser. 

The results in Table 12 suffice to show that in the operation of a Vacreator it is important 
to keep the flow of jacket-water to the minimum required to give smooth running and 
to prevent any surging flow. Normally the rate of flow of water in the jacket for the 
small-scale Vacreator is very much smaller than the 168 gal./hr. cited in sections B of 
Table 12. 

The effect of condensation of vapour in the separating-chamber on the efficiency of 
steam utilization will be much greater with very steam-volatile substances, such as 
diacetyl (equilibrium coefficient 39-3), than with less volatile substances, such as acetoin 
(equilibrium coefficient 1-29), and proportionally it will be greater at low rates of steam 
and cream flow than at high rates of flow. 


RATE OF REMOVAL OF REFERENCE SUBSTANCE FROM CREAM COMPARED WITH RATE OF 
REMOVAL FROM WATER 

A small-scale Vacreator was operated under exactly similar conditions for cream as for 

water, with both liquids containing 10 parts per million of diacetyl. The curves in Fig. 4 

show that there was a somewhat slower removal of diacetyl from the cream (the cream 

was of 32-5°% fat content). The proportionate effect was greater at high intensities of 


10 


Diacetyl content (p.p.m.) 








! ! i 
10 20 30 40 50 60 70 
Condenser water temperature rise (°F.) 





Fig. 4. Comparison of rates of removal of diacetyl from water and cream at different intensities 
of treatment with steam in the deodorizer section of a small-scale Vacreator. 


treatment. It has been shown(2) that the partition coefficient between butterfat and 
water at 180° F. is 0-74. In a cream of 32:5°% fat content and containing 10 parts per 
million of diacetyl this represents a concentration of 11 p.p.m. in the water and 8-1 p.p.m. 
in the fat. The presence of fat has the effect of increasing the concentration of diacetyl 
in the aqueous phase and so of increasing the equilibrium concentration in the vapour in 
contact with this phase. Since at partition equilibrium the vapour pressure of diacetyl] 
for the solution in fat is the same as that for the solution in water, presence of the fat 
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increases the initial overall partial pressure of diacetyl in the liquid. The slower rate of 
removal from cream thus indicates that at least a portion of the diacetyl in the fat 
passes into the steam only after it has been diffused from the fat into the aqueous phase 
for re-establishment of partition equilibrium following vaporization of diacetyl from the 
aqueous phase (see discussion in (2)); and that delay in the transfer from fat to aqueous 
phase causes some lowering of the apparent equilibrium coefficent. 

Study of the rate of removal of diacetyl from cream in the Vacreator, however, is 
complicated by the change in partition coefficient for diacetyl as between butterfat and 
water with change in temperature (see (2)). The times of heating and cooling in the 
Vacreator are probably too short to permit establishment of the new partition equilibrium 
appropriate for the temperature of steam distillation in the deodorizing unit. 

The effect of the presence of fat on the equilibrium relationship is being studied in the 
laboratory in the continuous equilibrium vaporization apparatus (11), where conditions 
can be more satisfactorily controlled. 


SUMMARY 


The extent of removal of the reference substances diacetyl and acetoin from water and 
cream in the Vacreator under varied conditions of operation has been investigated. 

1. It was not affected by change in diameter or length of the uptake-pipe, or, with 
water, by changing the position of the equilibrium-valve to the top of the uptake-pipe or 
by introduction of the steam at the bottom of the pasteurizer bend instead of at the 
normal steam inlet. 

2. It was affected only slightly by inclusion of baffles in the uptake-pipe, to provide 
a more intimate contact of steam and cream. 

3. With diacetyl in water it was not affected by introduction of the major proportion 
of the steam via the infuser connexion, and with diacetyl in cream it was not affected until 
the proportion of steam introduced via the infuser was greater than 50% of the total 
amount of steam used. With acetoin in both water and cream there was a progressive 
slight reduction in extent of reference substance removal with increase in proportion of 
steam introduced via the infuser. 

4. With diacetyl and acetoin in water it was not affected by increase in rate of flow of 
steam and cream at constant intensity of treatment. 

5. With diacetyl it was not affected by temperature of steam distillation over the 
range 138-197° F., but with acetoin there was a progressive reduction in extent of 
removal with decrease in distillation temperature. 

6. Steam is most effectively used if it is applied in separate stages instead of in one 
stage, i.e., a multiple Vacreator uses steam more efficiently than a single-unit machine. 
This effect is more marked with diacetyl, which has a high equilibrium coefficient, than 
with acetoin, which has a low coefficient. 

7. The equilibrium coefficient computed from steam treatment of diacetyl solutions 
in the Vacreator is of the same order as that determined by the laboratory continuous 
equilibrium vaporization apparatus. 

8. The efficiency of cream-deodorization equipment may be lowered by condensation 
of vapour back into the liquid, e.g. by use of excess cooling water in the Vacreator jackets. 

9. There are indications that removal of diacetyl from cream is somewhat slower than 
from water. 





64 Steam distillation of taints from cream 


The thanks of the author are due to Mr J. K. Scott for helpful discussion, to Mr E. R. 
Elley who did the analytical work, and to Mr B. Le Heron for assistance in the operation 
of the Vacreator and collection of samples. 
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613. VARIATIONS IN THE CHEMICAL COMPOSITION OF MILK 
WITH PARTICULAR REFERENCE TO THE SOLIDS-NOT-FAT 


I. THE EFFECT OF STAGE OF LACTATION, SEASON OF YEAR 
AND AGE OF COW 


By R. WAITE anp J. C. D. WHITE 
The Hannah Dairy Research Institute, Kirkhill, Ayr 


AnD ALAN ROBERTSON* 
Institute of Animal Genetics, Edinburgh 


(With 4 Figures) 


INTRODUCTION 


In recent years the solids-not-fat (s.N.F.) content of milk has come to be regarded as of 
equal, or of greater importance, than the fat percentage. This change is the result of an 
increased awareness of the nutritive value of milk protein and the other non-fatty 
constituents, in particular calcium and vitamins. Partly because of this nutritional 
interest, and partly because of the number of milk samples failing to satisfy the pre- 
sumptive legal standard, the level of s.n.r. in milk during the last 10 years has been 
subject to considerable scrutiny and the figures compared with earlier records. The result 
of such comparisons has been to suggest that a decline has taken place in the percentage 
of s.N.F. in the milk produced in England and Wales during the last 25-30 years. There 
are, however, considerable difficulties in making a valid comparison between present-day 
records and those of 30-50 years ago, and recently these have been fully discussed by 
Davis(1). He noted that a change in the source of the milk samples, e.g. whether from 
cow, farm or creamery, could affect the values obtained. He suggested that less accurate 
analytical methods may have given a falsely high value for s.n.F. 50 years ago, and drew 
attention to the probably greater amount of adulteration that went on in the past. He 
also mentioned the changing proportion of the main dairying breeds in the national herd, 
resulting in an increase in the number of cattle giving high yields of low quality milk. 
To overcome such difficulties of comparison he examined the results obtained by public 
analysts for Local Authorities for the fat and s.N.F. percentages of retail milks from 
1900 to 1950. He found that the weighted average values for s.N.F. in England rose from 
1900 to 1925 by 0-3 %; during the period 1926-30 there was a sharp fall of 0-08 % and then 
a further gradual fall of 0-09°% during 1931-50, i.e. a total decrease in s.n.F. of 0-17% 
since the peak period. The regions in which the decline in s.N.F. in recent years had been 
greatest were those producing both most milk and most results in his survey. The data 
from Welsh authorities were few and restricted to the period 1926-50, but here again the 
fall in s.N.F. was continuous and amounted to 0-19%. It appeared that in Scotland the 
S.N.F. content had been much more constant and from 1921 onwards showed no real 
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change. Another examination of the composition of English milk was made by Provan & Th. 
Jenkins (2) who reported figures for bulk milk received at some Midland creameries for bei 
the period 1923-46. These records showed two distinct falls in the level of s.N.F. during Ay 
that period, amounting in all to nearly 0-3°%. The changes in fat content of the milks in j 
both these reports were of the order of 0-05°%, mainly in a downward direction, with the att 
exception of Scottish milks where a steady rise in fat content was shown, amounting to uni 
0:2% over the last 20 years. feo 
The occurrence of milk low in s.N.F. is not confined to this country; reports from South As 
Africa(3), Australia (4) and New Zealand) indicate similar problems there. Nor is the poi 
problem entirely a recent one; in 1921-22, in a survey of Scottish milk, Tocher (6) found ten 
that 25% of 676 individual cow samples contained less than 8-5% s.Nn.¥. and that 8 % con- zal 
tained less than 3-0% fat. Similarly, Nicholson & Lesser(7) in 1930 gave a detailed cal 
account of three herds in southern England with average s.N.F. contents of 83%; of all we 
samples examined 64° were deficient in s.N.F. end 
It has been known for many years that stage of lactation and season of the year have a hal 
marked effect on both the fat and s.n.¥. contents of milk and that disease, mainly in the 7 
form of mastitis, results in a lowered lactose content. It was not until about 1930-40, wes 
however, that feeding was also seriously considered as having an influence on the s.N.F. Suy 
Largely as the result of work by Rowland (8) it is now accepted that the s.n.F. content of Ha: 
milk is particularly susceptible to changes in the total energy intake of the cow. Most of of 
the change is in the protein fraction of the milk, although where the yield is seriously the 
affected the lactose content also varies. par 
Although it has long been known that different breeds of cattle produce milk of different ae 
quality, evidence has been lacking as to whether the s.n.F. content of milk was to any | ( 
extent genetically controlled within any given breed. This question was considered in late 
1949 by the Scientific Advisory Committee of the Scottish Milk Records Association and All 
on the advice of Dr J. M. Rendel, then of the Institute of Animal Genetics, it was decided wei 
to investigate the problem experimentally. The work was undertaken co-operatively i< 
by the Scottish Milk Records Association, the Institute of Animal Genetics and the as 
Hannah Dairy Research Institute. The experiment started in February 1950 with the _ 
intention of analysing the milk from 500 pairs of dams and daughters six times during dry 
the lactation of each cow. This number of pairs was eventually obtained from 814 cows ole 
as many of the dams had more than one daughter; there were also several instances hon 
of three generations being represented, so that a cow appeared both as a daughter and as ows 
adam. Although cows of the Ayrshire breed only were used, the results should also give I 
some idea of the present quality of Scottish milk, since this breed is dominant in the main ome 
milk-producing areas. The present account describes the design of the experiment and pre 
gives the results of the effects on milk composition of stage of lactation, season of year | tak 
and age of cow. The genetic effects are presented in Part II. was 
exp 
ser 
EXPERIMENTAL poe 
Animals used and method of milk sampling “as 
All the cows were pedigree Ayrshires located on thirty-three milk-recorded farms in the 2¥ 
countiesof Ayr, Dumfries and Kirkcudbright. The only factor governing the choice of farm sloy 
within these limits was the possession of a reasonable number of dam-daughter pairs. onl. 








in 


n 


R. Warts, J. C. D. WuItE AND ALAN ROBERTSON 67 


This meant that fairly large farms were used, the number of cows in milk in the herds 
being usually 30-50. The cows sampled were not, therefore, a random sample of all 
Ayrshire cattle in this area since only some 35-40% of all farms are milk recorded. 

As the calculation of the genetic results was to be made on a ‘within herd’ basis no 
attempt was made to interfere with the normal management of the herds by seeking 
uniformity of feeding or by other means. Farmers were, however, questioned about the 
feeding stuffs used and the dates when the cattle came indoors or were put out to graze. 
As might be expected, there was considerable similarity among the farms on both these 
points. During the winter months hay, straw and roots were fed at all farms for main- 
tenance, and in some farms for the first gallon of milk, with 3-4 lb. of concentrates per 
gallon of milk for the production ration. The concentrates were mainly proprietary dairy 
cakes mixed with home-grown oats and, to a lesser extent, beans or dried grass. Silage 
was fed at only six of the thirty-three farms. The cows were kept indoors from about the 
end of October until the end of April, so that grazing provided the bulk of the feed for 
half the year. Very small amounts of concentrates were fed during the grazing season. 

The experiment involved the analysis of over 6000 samples of milk and for convenience 
was made in two parts. During the first part the samples were taken by members of the 
Supervisory staff of the Scottish Milk Records Association and brought or sent to the 
Hannah Institute for analysis. In the second part the samples were taken by one member 
of the staff of this Association who was seconded to the Hannah Institute. The farms in 
the first part were sampled between February 1950 and March 1952, those in the second 
part between February 1952 and November 1953, each farm being visited sixteen to 
seventeen times. 

Consecutive evening and morning samples were taken from the complete milking, and 
later mixed at the Hannah Institute in proportion to the weight of milk at each milking. 
All cows were machine milked, and at most farms a small amount of machine stripping 
was practised. Six such samples were taken during the lactation of each cow at about 
5-week intervals. Sampling started 3-4 weeks after calving and usually finished about 
4-6 weeks before the end of lactation. From time to time it was necessary to sample cows 
sooner than this and, because of the variations in length of lactation, a few cows were 
drying-off when the last samples were taken. Each time samples were taken from the 
chosen cows, a sample was also taken of the bulked evening and morning milk of the whole 
herd. This was done by plunging the 10 gal. cans of cooled milk and taking an aliquot 
from each. 

In the first part of the experiment some milks were 2 and occasionally 3 days old before 
analysis, and to arrest decomposition a potassium dichromate-mercuric chloride (7: 1) 
preservative was added to each bottle before sampling. A milk sample of 200 ml. was 
taken, the preservative amounting to slightly less than 0-05% of the weight of milk. It 
was found to have a negligible effect on the total solids content. In the second part of the 
experiment all milks were analysed on the day the morning sample was taken and pre- 
servative was unnecessary, but in order to maintain constant conditions and as a safe- 
guard, preservative was still added. It was found that the total solids, fat, lactose and 
total nitrogen content of milk containing this preservative remained unchanged for 
2 weeks at laboratory temperature, but that the casein fraction of the protein decreased 
slowly after 24 hr. For this reason the casein results in the present paper have been given 


only from the samples (2600) collected in the second stage of the experiment. 
5-2 
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Method of analysis 


The evening and morning milk samples were warmed to about 25° C., gently inverted 
several times to redisperse the fat and mixed in proportion to the yields. Aliquots were 
then taken for the determination of total solids, fat, total nitrogen, non-casein nitrogen, 
and lactose. Ash was not determined. Total solids were measured gravimetrically. About 
1 g. milk was weighed into a degreased, aluminium milk-bottle top, which served as a 
suitable small dish, and evaporated to apparent dryness on a vigorously boiling water- 
bath (4 hr.). The dish was then heated for 3 hr. in a fan-ventilated oven at 100°C., 
cooled in a desiccator and weighed. 

Fat was determined in a Gerber butyrometer by the method given in British Standard 
Specification no. 696). Solids-not-fat were obtained by deducting the value for fat from 
the value for total solids. 

Total nitrogen was determined by a micro-Kjeldahl technique in milk diluted 1 to 
20 with water, and this value was converted to crude protein by use of the factor 6-38. 
A mixture of potassium sulphate, copper sulphate and selenium (160:20:1) was used as 
digestion catalyst. The ammonia was steamed-distilled (50 ml. distillate) into 5 ml. 2% 
boric acid and titrated with 0-01 n hydrochloric acid using a methyl red-bromocresol 
green indicator. Blank determinations were regularly made. Later work showed that 
when the potassium sulphate-mercuric sulphate catalyst of Hiller, Plazin & van Slyke (10) 
was used in place of potassium sulphate, copper sulphate and selenium, a slightly higher 
value was obtained in the determination of total nitrogen but not in the determina- 
tion of non-casein nitrogen. The increase amounted to about 0-013% N, or 0-08% of 
protein (N x 6-38). This result was obtained from about fifty direct comparisons and has 
subsequently been confirmed indirectly in over 600 analyses (see p. 75). We therefore felt 
justified in increasing the average percentage value found for crude protein (and hence for 
casein, see below) by 0-08 in Tables 4 and 5. The original values for total and casein 
nitrogen were used in the calculation of lactation and season differences and, since these 
are expressed as variations about mean values, they were not affected by the change. 

Non-casein nitrogen was determined by Rowland’s method (11), using 5 ml. of the acetic 
acid-sodium acetate filtrate and proceeding as for total nitrogen. Casein N was therefore 
obtained by difference and converted to casein by use of the factor 6-38. 

Lactose was determined by the chloramine-T method of Hinton & Macara (12), using 
Rowland’s (13) modification which included the use of dialysed iron to precipitate the 
protein (and fat) in place of phosphotungstic acid. Lactose is reported as the anhydride 
throughout these papers. 

The three aliquots used for the estimation of total N, non-casein N and lactose were 
measured from a pipette previously calibrated for each batch of samples for the weight 
of milk delivered. The values of all milk constituents have been expressed in g./100 g. 
milk. 

A weighted lactational average for each constituent was calculated for each cow from 
the percentage composition and yield of milk at the six samplings. These values have been 
used in calculating the various genetic relationships and in assessing the effect of age on 
milk composition. It is realized that a lactation average calculated from only six samples 
may not be very accurate, particularly as very early and very late milks were avoided, 
but where a comparison is being made between dams and daughters it is probably better 
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to exclude the very early and very late periods of lactation in which slight differences in 
management and environment may have unusually large effects. For the study of the 
effects of stage of lactation and season the individual analyses of all cows were used. 
Yield was calculated to a lactation length of 305 days. 


Results 

Where calving occurs at intervals throughout the year, the two effects of stage of lactation 
and season of year on milk composition are superimposed. It can be seen from Table 1, 
which gives the distribution of calving dates of the daughters and dams used in this 
experiment, that most cows calved in the late winter-early spring period, a system 
probably reflecting the predominantly grassland type of farming. The distribution of the 
calving dates of the dams and daughters throughout the year was similar, but with 
rather more daughters calving in the autumn. 


Table 1. Distribution of calving dates for daughters and dams 


No. of cows calving in 





hs eet * = 
Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Total 
Daughters 56 73 51 48 25 19 13 37 40 59 37 46 504 
(%) (11) (15) (10) (10) (5) (4) (3) (7s (8) A) (7) 09) 
Dams 46 56 73 50 26 26 10 12 25 16 14 20 374 
(%) (12) (15) (20), (13), (7) (7)—s (3) (3) (Ms (AD (As) 
Allcows 102 129 124 98 51 45 23 49 65 75 51 66 878* 
% (12) (15) (14) (11) (6) (5) (3) (4) (7s (9) (6)— 8) 


* Many of the dams had more than one daughter and, where three generations were represented, a cow would 
appear both as a daughter and a dam. The actual number of cows sampled was 814. 


The overlapping influence of the two factors, stage of lactation and season, have been 
separated statistically. This was done by the method of fitting constants. This is essentially 
the continued process of using the approximate stage of lactation effects to get better 
results for season, using these to improve the stage of lactation figures and so on until 
manipulation causes no further change. For these results, only three cycles of operation 
were required. Two sets of figures were thus obtained, one showing the effects of stage of 
lactation with the effects of season eliminated and the second set for the effect of season 
with stage of lactation eliminated. For each set a mean value was obtained for yield and 
for each chemical constituent from the 4988 results. The lactation was subdivided into 
30-day periods and the results grouped accordingly. For examination of seasonal effects, 
calendar months were used as the subdivisions. The subgroup averages were then calcu- 
lated; these were taken at 30-day intervals over the lactation and at monthly intervals 
for the seasonal results. The variations of the subgroup averages about the mean value 
for each constituent were found and have been plotted in Figs. 1 and 2. Fig. | shows the 
variability during the lactation period, and Fig. 2 the seasonal variation. The number of 
samples contributing to the average value of each subgroup is shown at the top of each 
figure. 

The standard deviations of individual samples about the average did not vary according 
to season, but figures for different periods of lactation are given in Table 2. The lactation 
has been divided for convenience into three periods, two short ones covering early and 
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late lactation, with a much longer interval between. As might be expected, the range of 
the values of individual samples about the mean was greatest during early and late lacta- 
tion and highest for fat content. 
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Fig. 2. The effect of season on yield and milk 
composition (stage of lactation eliminated). 


Table 2. The standard deviations of individual samples (calculated within month 
and herd) at different stages of lactation 


Period Fat S.N.F. 
(days) (%) (%) 

1-30 0-65 0-42 
31-240 0-58 0-36 


> 240 0-77 0-50 


Crude protein 


(%) 
0-45 
0-24 
0:39 


Casein Lactose 
(%) (%) 
0:38 0-25 
0-24 0-26 
0:38 0:36 


The effect of stage of lactation on milk composition (season eliminated) 


It is apparent from Fig. 1 that advancing lactation had a marked effect on the major 
constituents of milk, in addition to the well-known effect on milk yield. For the reasons 
already stated, samples immediately after calving were avoided, so that the sharp changes 
in concentration of the milk constituents associated with very early lactation are not 
shown in the figure. It may be of interest, however, to give the available results for milk 
composition 7 days after calving. In these samples the fat content was 0:8% above the 
mean shown in Fig. 1, the crude protein content was 0-6% above and the lactose content 
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was 0-4°% below the respective mean values. The lactose content of milk was out- 
standing in that, unlike fat and protein which fell quickly at the beginning of lactation, 
it rose rapidly to a fairly steady value which was then maintained for about a further 
80 days. This pattern was similar to the variation of yield with advancing lactation. The 
fall in crude protein content from the 15th to the 45th day was 0-28°%, whereas the rise 
in lactose during that time was only 0-04%. The ‘ash’ content (by difference) fell very 
slightly during the first 45 days, and thereafter remained virtually constant. As a result 
of these changes the total s.N.r. percentage also fell during the first 7 weeks. The sub- 
sequent rise in nitrogenous constituents again outweighed the fall in lactose content, 
causing total s.N.F. to rise during the remainder of the lactation, slowly at first and then 
more rapidly as the end of lactation approached. As would be expected, the curve for 
casein content was very similar to that for crude protein, although non-casein nitrogen 
increased more rapidly than casein towards the end of lactation. 

Although this study was mainly concerned with the s.n.F. of milk, the values for fat 
content have been treated statistically in the same way as the non-fat constituents. The 
curve in Fig. 1 shows the familiar rapid fall in fat content during the time when yield was 
reaching its maximum, with a further slight decrease until about the 75th day of lactation. 
There was then a slow rise which increased markedly after 195 days. These changes in 
the fat content, together with those of a similar nature already noted for s.N.F., resulted 
in variations of the same type, but of greater magnitude, in the total solids during the 
course of lactation. 


The effect of season on milk composition (stage of lactation eliminated) 


The chief difference between the curves in Figs. 1 and 2 is the smooth nature of those 
showing the effect of lactation compared with those showing the effect of season. This is, 
of course, because seasonal variations are the result of several factors operating at the 
same time, whereas lactational effects are complicated mainly by pregnancy and then 
only after 6 months(l4). The most important seasonal factor is the relatively abrupt 
change of diet and mode of living which occurs when the cows go out to grass in the spring 
and when they return for the winter to the byre. The rise in milk protein concentration 
during May-June was most likely the result of a temporary change to a higher plane of 
nutrition. The increase in both fat and protein percentage from August to October, when 
the cows were still grazing but also most probably receiving some stall feeding, might 
also be ascribed to the same cause were it not for the continuous fall in yield during this 
period. The fall that occurs in fat concentration when yield is maximal is well known, but 
again the reason for it is not clear. This spring decrease in fat percentage is discussed later. 
but it would appear that further investigation of these purely seasonal effects is desirable. 
The variations in lactose percentage again reflected, to some extent, the changes in milk 
yield and were usually of opposite sign from those of both fat and protein. The rise and 
fall in fat and protein content from August to October governed the variations in the 
level of total solids. The variations in s.N.F. content, being mainly the sum of the opposing 
changes in protein and lactose contents, were small except for the rise in May-June. It 
will be noticed that s.N.F., on purely seasonal grounds uncomplicated by stage of lacta- 
tion, were at their lowest level from January to April. The effect of season on ‘ash’ 
content was negligible. 
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The effect of season of calving on lactation mean 
As each lactation stretched over the greater part of a year, it was to be expected that 
the variation in the lactation averages for yield and chemical constituents would be con- 
siderably less than those of the individual samples. However, definite differences could 
be detected between lactations starting in different months, although the range of these 
differences was small compared with the remaining variation between cows. Table 3 
summarizes the main conclusions. 


Table 3. Variation in lactation averages due to month of calving 


Month of calving giving 








highest and lowest values Remaining 
fa OS a variation 
Constituent Highest Lowest Range 8.D. 

Yield March August 61 gal. 175 gal. 
Fat August February 010% 035% 
S.N.F. May November 0:04% 0:26% 
Crude protein May December 0:08 % 0-19% 
Casein May December 0:04.% 0-18% 
Lactose January August 0-06% 017% 


The effect of age of the cow on milk composition 


The lactation averages of all the animals were grouped according to the number of the 
lactation, and the mean then calculated for each group. These results are shown in Table 4. 
Most of the animals would calve for the first time at about 2-2} years of age. 


Table 4. The effect of age of the cow on milk composition 


Yield Crude 
Lactation No.of (305 days) Fat S.N.F. protein Casein Lactose 

no. cows (gal.) (%) (%) (%) %) (%) 

1 187 730 4-11 9-01 3-36 2-72 4-72 

2 138 792 4-06 8-92 3°35 2-66 4-62 

3 108 846 4-03 8-82 3-28 2-63 4-59 

4 102 907 4-02 8-84 3-30 2-61 4:57 

5 75 879 3-90 8-72 3-26 2-54 4-53 

6 65 887 3-91 8-74 3°30 2-62 4-48 

7 dt 961 3-94 8-67 3°25 2-53 4-48 

8 45 885 3°82 8-65 3-23 2-50 4-44 

9 21 934 4-03 8-70 3:27 2-54 4:48 

10 15 862 3°83 8-66 3-25 2°53 4-46 

1] 14 827 3°77 8-61 3-16 2-46 4:46 

9 and 50 889 3-92 8-67 3-28 2-51 4:47 
over 
Mean 

3:8 814 835 4-0] 8-84 3°30 2-63 4-59 


Average yield/cow/day =33-7 lb. 


It will be noted that after the fourth lactation the number of cows in each group fell 
rapidly, and in the later groups it would require the presence of only a few cows of unusual 
performance to affect the mean value considerably. For this reason the records of cows 
in their ninth and later lactations have been grouped to provide a better analysis of the 
milk of ‘old’ cows, as well as being shown for each lactation group separately. The mean 
values in Table 4 were derived from lactation averages and differ slightly from the figures 
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given in Table 5 for the average composition of the milk of the dam-daughter group, 
which was compiled from the analyses of individual samples. 

As has often been mentioned where the effect of age on performance is being examined, 
the normal practice of culling uneconomic cows, and deaths from any cause, make the 
populations of the older age groups highly selected, whereas the earlier groups carry 
animals which may later be culled. Such culling would be mainly for yield, to a lesser 
extent for fat content and not at all for s.n.r. Nevertheless, the results in Table 4 show 
marked trends in all constituents and suggest what may be expected in good commercial 
herds. 

Yield rose steadily to the fourth lactation and remained at a high level until the ninth. 
The level of all the chemical constituents was adversely affected by increasing age. The 
fall was least in crude protein, resulting from a slight rise in the non-casein N concentra- 
tion in the milk of the older cows which partly compensated for the fall in casein content. 
The differences in the fat, casein and lactose percentages between the first lactation and 
ninth and later lactations were 0-19, 0-21 and 0-25°% respectively. Making the same 
comparison with the tenth and later lactations shows the greatest fall in concentration 
in the fat content, 0-31 %. 

Since the chemical quality of the milk from cows in their first lactation was appreciably 
higher than in any subsequent lactation, the effects of stage of lactation and season on the 
analyses of these cows’ milks were examined separately. The curves so obtained were, in 
general, very similar to those in Figs. 1 and 2, with variations about higher mean values. 
Only in the effect of stage of lactation on the lactose content of the milk was there any 
marked difference between cows in their first lactation and the remaining cows. The 
continuous fall in lactose content after the 75th day of lactation seen in Fig. 1 for the 
milk of all cows was absent, and 285 days after calving the lactose content had fallen by 
only 0-2°% from its maximum value of 4-8%. 


Health of the animals 


Nothing has been said so far about the health of the animals, although it is well known 
that a disease such as mastitis can affect milk composition considerably (15, 16). During 
the present experiment it was necessary to analyse the milk of about 1000 cows, despite 
the fact that 500 pairs of dam-daughters were ultimately obtained from 814 cows. Some 
200 animals had to be discarded, because either the dam or the daughter had been removed 
from the herd before the sampling of both animals was complete. Such removals were, 
of course, for a variety of reasons but disease no doubt accounted for some. From the 
appearance of the milk samples it can be said with fair certainty that none came from 
animals suffering from clinical mastitis, but the possibility of subclinical mastitis or 
other inflammation of the udder capable of lowering the lactose and casein contents of the 
milk still remained. 

During the second part of the experiment the total and differential cell counts were 
done on all milk samples by Dr P. 8S. Blackburn, M.R.C.V.S., of the Hannah Institute, 
using a recently published method (17). The number of samples which contained more than 
100,000 polymorph cells/ml. was 652, or 25°% of the total. Blackburn(is) has observed 
that where 200,000 polymorph cells/ml. were found in the foremilk from a quarter, 
approximately 4°% of the tissue of that quarter had been affected. The present samples 
were from the mixed milk of two complete milkings and hence no simple comparison can 
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be made between the cell contents of this and foremilk, but it is obvious that a quarter 


of the samples collected in the second part of the experiment came from animals whose 
udder condition may have caused irregular variations in the milk composition. Com- 
parison of cell counts and milk composition showed that the milks with high cell counts 
often had lactose contents lower than would have been expected. 

Where bacterial attack is considerable, the casein number (19) of the milk falls appreci- 
ably and, in order to establish whether the present samples were seriously affected by 
disease, the casein numbers of the milks on which the cell count was made have been 
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Fig. 3. Variation of casein number with stage of lactation. 


examined. In Fig. 3 the variation of the average casein number with stage of lactation 
is given, and it can be seen that for the first half of the lactation the casein number was 
about 79, the figure given by Rowland & Zein-el-Dine (19) for uninfected Ayrshire milk. 
The decline in casein number as lactation advanced reflects the normal change in nitrogen 
distribution. It would appear, therefore, that the average values for milk composition 
reported in this work have not been appreciably affected by disease, although there may 
have been a slight lowering of the lactose values and, through them, the s.n.r. They do, 
however, represent the values to be found in good commercial farm milk, and it was the 
intention from the outset to base our findings on conditions as they exist to-day. 


The average composition of milk in south-west Scotland 1950-53 


In Table 5 the average composition of all the milk samples from individual cows is 
given, together with the average composition of the bulk milk from the thirty-three 
farms, based on 560 bulk samples taken during nearly 4 years. These latter samples are 


Table 5. The percentage composition of milk from Ayrshire cows in Scotland 


1950-53 
i ——— a 

Dam-daughter Farm bulk Tocher 

group milk 1921-22 
Total solids 12-88 13-00 12-84 
Fat 4-03 4:07 4-09 
S.N.F. 8-85 8-93 8-75 
Crude protein 3:27 3°36 3-27 
Casein 2-63 2-67 2-43 


Lactose 4-64 4-58 4:57 
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for the milk from nearly 26,000 cows and would differ slightly from the milk taken from 
the dam-daughter pairs. The farm bulk milk contained milk from cows in both earlier 
and later lactation and from a population containing proportionately fewer old cows. 
The higher protein and lower lactose in the herds’ bulked milk was therefore to be 
expected. 

For interest, Tocher’s figures (6) for the composition of the milk of 340 Ayrshire cows in 
Scotland in 1921-22 are also given. These figures are not closely comparable with ours 
since his samples were taken from either the morning or evening milk and from pedigree 
and non-pedigree herds in the whole of Scotland. His methods of analysis for fat, crude 
protein and lactose would, however, give results similar enough to allow a comparison to 
be made and, in viewof the different conditions, the similarity is surprising. Tocher’s value 
for casein is lower than ours, probably because of his method of determination and also 
because many of his samples were 24 hr. old or more before analysis. In general, these 
figures bear out the conclusion reached by Davis(1) that the composition of Scottish milk 
has changed little during the last 25-30 years. 

It may be noted that the values for fat and s.N.F. in the dam-daughter group and in 
the farms’ bulk milk are higher than those given in a report from Reading (3-72 % fat 
and 8-78 % S.N.F.) 20). 

From the figures in Table 5 the value for ash, etc., in the milk from the dam-daughter 
group, calculated by difference, would be 0-94%. The average of about 100 actual ash 
analyses gave a value of 0-78%. The difference of 0-16° includes that part of the total 
citrate which is lost on incineration and which may account for about 0-08%. It also 
includes errors that may arise from the incorrectness of the protein conversion factor in 
certain milk, from the presence of any non-reducing carbohydrate compounds(!) and 
from any other errors of analysis that do not happen to cancel out. In work subsequent 
to this experiment the average ash, etc., content of 690 samples of milk, calculated in the 
same way, was 0-92%. 

Milk deficient in chemical quality 

Of the 5000 samples taken during 1950-53 from dams and daughters 800 (or 16%) 
contained less than 8-5°%, s.n.r. These were contributed by 213 out of the total of 814 
cows. The lowest value was 6-1% s8.N.F., but 48% of all the deficient samples had s.n.¥. 
contents between 8-3 and 8-5°%. In the same samples 100 (2°) contained less than 3-0 %, 
fat and 46 (1%) were deficient in both fat and s.n.r. The lowest fat content was 
20%. Of 814 cows, eighty-one had a lactation average s.N.F. content lower than 8-5%, 
but only two cows had a lactation average fat content less than 3-0°%. During the same 
period nine of the 560 (1-6 %) samples of farm bulk milk contained less than 8-5% s.n.F., 
and one of these contained less than 3-0% fat. In Fig. 4 the seasonal occurrence of 
the deficient milks is shown, expressed as a percentage of the total number of samples 
analysed in each month. The first 4 months of the year were the worst for low s.N.F., 
although from July to October was almost as bad. May had the highest proportion of 
samples deficient in fat. 


DISCUSSION 
The composition of milk from individual cows is affected both by environmental factors, 
including feeding, and stage of lactation. It is important, however, to separate these two 
factors in order to arrive at an estimate of their relative importance. This has been done 
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in the present work, and it can be seen that the two effects differ in magnitude and also 
in character. The changes associated with advancing lactation are very regular, whereas 
those resulting from environment are not (Figs. 1, 2). The range of variation of the 
mean value for each constituent during the course of lactation is considerably greater 
than that caused by seasonal changes, e.g. total solids, 0-8 and 0-45 % ; fat, 0-6 and 0°45 % ; 
S.N.F., 0-3 and 0:2%; crude protein, 0-7 and 0:-4%; casein, 0-5 and 0-2%; lactose, 0-4 
and 0-2°% respectively. Hence in considering the composition of milk samples from 
individuals or very small groups of cows, stage of lactation is of major importance. On 


No. of samples analysed 
267 299 509 508 501 538 498 438 499 383 322 276 (4988) 
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Fig. 4. The seasonal occurrence of milk samples deficient in fat or in s.N.r. The number of samples deficient 
in fat or s.N.F. is shown as a percentage of the numbers of samples analysed each month. 


the other hand, in bulk samples the seasonal effect will predominate except in those herds 
where a policy is followed of calving all, or most, cows during a very short period. Of the 
dam-daughter cows in the farms contributing to this experiment, about half were calved 
from January to April, a third from September to December and the remainder during 
the summer months. Assuming that the other cows in these herds were calved to a 
similar pattern, it is not surprising that the composition of the farms’ bulk milk through- 
out the year was found to vary in a manner very similar to the seasonal curves in Fig. 2. 

Bailey (14) has recently drawn attention to the effect of pregnancy on milk composition. 
He found that the steeper rise in s.N.F. after about 180-200 days in lactation was associ- 
ated with development of the calf foetus and did not occur in barren cows. This effect can 
be seen in the present results for both fat and casein, whilst the reverse was true for 
lactose (Fig. 1). The great majority of the cows used in this experiment were pregnant in 
the latter part of their lactation. The period from the second to the sixth month of 
lactation, where changes in s.N.F. content are small, provides, as Bailey also noted, a 
useful time for experimental work concerned with milk composition. 

The rise in protein content, and hence s.N.¥., in milk from cows on grass in May and 
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June may be the result of an improvement in the plane of nutrition, the change in the 
mode of life of the cow, and the composition of the grass at that time. Such grass would, 
from its chemical composition (22), be expected to contain a greater proportion of easily 
available energy than successive growths later in the year, and may give rise to an increase 
in milk protein content in a manner similar to that when high-energy concentrates are 
fed 23), This increase in milk protein content soon after the start of the grazing season 
occurred irrespective of the stage of lactation of the cow. It has been suggested by 
Bartlett & Kay (24) that the decrease in fat content at this time of the year may also be 
associated with grass of a low fibre content. A typical winter ration for a cow giving 
4 gal. milk would contain about 7-7} lb. crude fibre. Earlier work here (25) has shown that 
in May, when the fat percentage of their milk was lowest, cows getting all their feed from 
leafy pasture ate about 5 lb. crude fibre compared with 6-6 lb. in August, when the milk 
fat percentage had again risen. Moreover, only the winter ration would contain any 
starch—a factor predisposing to the production of milk low in fat when the diet is low in 
fibre (26). It seems doubtful, therefore, whether these differences in fibre intake would be 
sufficient to account for the fall in fat content of milk in May and June. In the absence 
of direct evidence on this question, the rapid change in the nature of the rumen contents 
in an animal going fairly quickly from stall feeding to grazing seems more likely to be 
a cause, possibly by inducing a change in the microflora which are responsible for making 
some of the fat precursors or at least by preventing them from increasing sufficiently 
rapidly to keep up with the increase in yield. 

Although it has been shown (27) that exposure of cows to very low temperatures causes 
a rise in the fat and s.N.F. content of their milk, compositional changes within the range 
30-75° F. were small. Moreover, figures given by Findlay (28) in a study of byre ventila- 
tion, suggest that the temperature in the byre in winter in this area is likely to be about 
50° F. or above. Hence the increased fat and lowered lactose contents from September 
to December seen in Fig. 2 appear to be associated more with decreased yields than with 
cold weather. The actual weight of fat decreased steadily from June onwards and reached 
a minimum in December. It was previously mentioned that dietary changes would not 
entirely account for these compositional changes in the milk, nor would it appear that 
climate was a major factor. Further work on the influence of season on milk composition 
therefore appears necessary. The drop in yields in late winter may possibly have been due 
partly to inadequate winter feeding. If this were so, it would account for the low values 
observed for protein and s.N.¥. from January to April. 

From lactational causes alone the lowest s.N.F. occurred about 45 days after calving 
and from seasonal causes alone from January to mid-April. When these two effects are 
in conjunction, as they would be in cows calved from mid-November to the end of 
February, the s.n.¥. content of the milk might be expected to be exceptionally low. Of 
the present sample of cows, 38°, were calved during this period. These effects, together 
with any nutritional deficiencies, may be responsible for the high percentage of samples 
deficient in s.n.F. from January to April (Fig. 4). 

The pattern of seasonal changes in s.N.F., with values lower than normal in the late 
winter months and again in late summer, agrees with the results of Provan & Jenkins (2) in 
this country and Nichols & Few (4) in Australia. Even where pasture is plentiful in late 
summer its feeding value is probably over-assessed because of compositional changes (22), 
and this may be the cause of the low s.Nn.F. at that time. 
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On farms where trouble is experienced with milk low in s.N.F. the decrease in milk 
quality with advancing age of the cow emphasizes the need to avoid building up herds 
with a high proportion of older cows, particularly where the number of cows is small. 

In both the bulk miik and in the milk from individual cows the number of samples 
deficient in s.N.F. was very much greater than those deficient in fat. This difference 
probably reflects the much greater effect that feeding and disease have on the level of 
S.N.F. compared with that of fat, but it may also be because the farmers concerned had 
regular information concerning the fat content of the milk under the Milk Recording 
Scheme. The requirement of the Scottish Milk Marketing Boards for milk with a fat 
content of 3:4-3:5°% would be another potent factor. 


Table 6. The distribution of milks deficient in fat, solids-not-fat or both, grouped 
according to lactation number 





No. of samples deficient in Samples Samples 
fa ~\ with low with low 
Lactation No. of Fat and fat S.N.F. 
no. samples Fat S.N.F. S.N.F. (%) (%) 
l 1147 13 46 3 1-1 4-0 
2 845 15 99 4 1-8 11-7 
3 647 1] 108 6 1-7 16-7 
4 622 12 103 8 1-9 16-6 
5 475 13 114 6 2:7 24-0 
6 394 14 89 9 3-5 22-6 
7 275 2 75 l 0-7 27:3 
8 280 zs 75 3 2:5 26-8 
9 and 303 10 73 6 3:3 24-1 
over 
Total 4988 97 782 46 — — 


In Table 6 the samples deficient in fat and s.n.F. have been grouped according to 
lactation number, and also expressed as a percentage of the total number of samples 
in each lactation group. It can be seen that whereas the percentage of samples deficient 
in fat remained at a low figure in all age groups, that for s.N.F. was much higher and 
showed an almost continuous rise up to the seventh lactation. Further examination of 
the deficient s.n.F. values showed that slightly more samples were low in protein than in 
lactose content up to the sixth lactation, and that low lactose values predominated slightly 
in the later lactations. It seems likely, on this evidence, that if a farmer knew as much 
about the s.N.F. content of the milk of his cows as he knows about the fat content he 
might be able to take more positive action than at present to maintain satisfactory s.N.F. 
These figures also suggest that it is unwise to rely solely upon the fat content in the milk 
of individual cows to indicate the level of s.N.F. 

The percentage of individual samples deficient in s.N.F. was less than that found in 
1921-22 by Tocher (6) (16% as against 25%), but in view of the selected character of our 
cows and the more widespread information available to farmers it is still disappointingly 
high. On the other hand, the animals used in this experiment contained a higher pro- 
portion of elderly and old cows than the national average, and it has been seen that after 
the fourth lactation the proportion of samples deficient in s.N.F. rose considerably. 
Moreover, the average daily yield of our cows was 33-7 lb., whereas that of Tocher’s 
sample was only 26-8 lb. The quality of the milk from the herd bulk samples was good and 
much superior to the milks reported by Rowland (8). The number of farms providing these 
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bulk samples was relatively small, but the results agree with those given for the quality 
of Scottish milk in a recent report 29). According to that report samples taken in the City 
of Glasgow, the creameries of the Scottish Co-operative Wholesale Society and the North 
of Scotland Milk Marketing Board over much the same period had a mean fat content of 
38% and s.n.F. of 8-8°% compared with our values of 41% fat and 8-9% s.n.¥. 


SUMMARY 


1. During 1950-53 the milk of 814 Ayrshire cows was sampled six times during the 
lactation at intervals of approximately 5 weeks, starting towards the end of the first 
month of lactation. The weight of milk at successive evening and morning milkings was 
recorded and samples from each mixed in proportion to the yield. The milk was analysed 
for total solids, fat, s.n.r. by difference, crude protein (N x 6-38), casein and lactose. 

2. The weighted lactation average was calculated for each constituent of the milk of 
each cow and used in genetic studies (see Part I), and in assessing the effect of age on 
milk composition. The analyses of the individual samples were used to determine the 
separate effects of stage of lactation and of season on milk composition. 

3. Advancing lactation caused the following changes in milk composition: 

(a) Milk yield was highest 45 days after calving and then fell regularly to the end of 
lactation. 

(6) Total solids, s.n.¥., fat, crude protein and casein contents fell rapidly for 45 days, 
with fat and total solids continuing to fall for a further 30 days. The concentrations of all 
these constituents then increased continuously for the remainder of the lactation, rising 
more rapidly after about 200 days. 

(c) The changes in lactose content were opposite from those of fat and protein and 
smaller in magnitude. The changes bore a marked resemblance to those for yield. The 
value rose to a maximum after 45 days, fell slowly until about 165 days after calving and 
then more quickly. The lactose content of milk from cows in their first lactation fell much 
more slowly with advancing lactation than that in the milk of older cows. 

4. Seasonal effects were of smaller magnitude than those arising from advancing 
lactation and caused the following changes in milk composition: 

(a) Yield rose steadily from January to the May-June period, and then fell to a 
minimum during October-November. 

(b) Fat content was at a maximum in October, falling steadily to a minimum in 
June. 

(c) Crude protein and casein contents rose to a peak in May-June and again in 
September. Lowest values occurred from January to March. 

(d) Lactose content was at a steady high level from January to June, falling to a lower 
level by August at which it remained for the rest of the year. Again there was some 
similarity in the pattern of change in lactose content and in yield. The range of variation 
in the values for lactose was less than those for protein and fat, and the variations were 
mainly opposite in sign. 

(e) Total solids and s.N.¥. were at a minimum in March and April, but whereas s.N.¥. 
reached their highest level in May-June, total solids were highest in October. 

5. Increasing age of the cow resulted generally in increasing yields of poorer quality 
milk. The difference in composition between milk from the first and the grouped ninth 
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and later lactations was fat 0-19 %, s.n.F. 0°34%, crude protein 0-08 %, casein 0-21 % and 
lactose 0-25 %,. 

6. On the evidence of cell counts, a number of the samples came from cows with some 
inflammation of the udder. The average casein numbers, however, did not indicate any 
serious incidence of mastitis, and it was concluded that although lactose contents may 
have been lowered slightly, the effect of disease on the average composition was small. 

7. Although the figures are not closely comparable, it appears that there has been 
little change in the composition of the milk of Ayrshire cows in Scotland since 1921-22. 

8. The number of individual cow samples deficient in fat was 2° and in s.n.F. 16% of 
the total. In 560 samples of farm bulk milk none were deficient in fat and only 1-6°% 
deficient in s.N.F. May, June and July were the months with most fat-deficient samples, 


and the period from January to April provided the largest number of samples deficient in - 


s.N.F., closely followed by the period July to October. 

9. Possible causes of the seasonal changes in milk composition are discussed. These 
changes are thought to be caused mainly by feeding although this does not give a com- 
plete explanation of all variations. 


The authors wish to acknowledge the invaluable assistance of a number of people who 
made this work possible. We are very indebted to the farmers who allowed us to sample 
their herds over considerable periods. Mr J. A. Paterson, Superintendent-Secretary of 
the Scottish Milk Records Association, assisted in much of the early planning and arranged 
through his Supervisory Staff for the collection of the samples during the first part of the 
work. Mr R. M. Smith of the same Association collected the samples in the second part. 
At the Hannah Institute the Misses A. G. Wilson, D. S. Ferrier, N. D. McInnes, M. H. 
King, K. Corrigan and R. E. M. Stevenson analysed the many milk samples, and Mr W. S. 
Russell of the Institute of Animal Genetics made the statistical computations. To all these 
the authors wish to express their sincere thanks. 
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614. VARIATIONS IN THE CHEMICAL COMPOSITION OF MILK 
WITH PARTICULAR REFERENCE TO THE SOLIDS-NOT-FAT 


IJ. THE EFFECT OF HEREDITY 


By ALAN ROBERTSON* 
Institute of Animal Genetics, Edinburgh 
anp R. WAITE anv J. C. D. WHITE 
The Hannah Dairy Research Institute, Kirkhill, Ayr 


INTRODUCTION 

In spite of the great nutritional importance of the non-fatty constituents of milk, very 
little information is available about their inheritance. The simple reason for this is the 
labour of analysing sufficient samples to reach conclusions of statistical significance. 
Some evidence is available on the difference between breeds, indicating genetic differences 
in the non-fatty constituents and suggesting a connexion between high fat and high 
solids-not-fat (s.N.F.). Within breeds, the majority of the evidence comes from experiments 
on identical twins, in particular from Bonnier and his colleagues in Sweden(1,2) and from 
Hancock (3) in New Zealand. There is a little evidence, from the Danish progeny test 
stations for protein and from the British stations for s.n.F.(4), that definite differences 
between sires exist. 

The present investigation was specifically designed to get information on the inheritance 
of s.N.F. and on the genetic interrelationships of the different constituents. A series of 
dam-daughter pairs were therefore sampled and individual lactations from 500 such pairs 
were collected. The details of the organization and methods of chemical analysis have 
been given in Part I, which dealt with the information on some effects of environment. 
The main source of genetic information was to be the degree of similarity between daughter 
and dam, but in addition to this it was thought that useful corroborative evidence might 
come from the variation between sire groups. However, as these groups were numerically 
small, the average number of daughters per sire being only 2-5, this was of little value. 


EXPERIMENTAL 
Correction for environmental factors 


The material used was somewhat unusual. It consisted of a number of dam-daughter 
pairs, of which each animal was represented by only one lactation, with a considerable 
variation in age between cows. In carrying out a genetic analysis, it is valuable to remove 
at the start as much obvious non-genetic variation as possible. Differences in manage- 
ment between herds were overcome by doing all computations within herds and combining 
the results. There were two factors for which correction seemed worth consideration— 
age of cow and season of calving. The effects of these factors have already been discussed 
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in Part I. The value of correction for any factor is the reduction in variability which 
correction produces. As our sample contained, by design, too high a proportion of old 
cows to be representative of the general population it was decided that it would be better 
to use instead the age distribution found by the Bureau of Records of the Milk Marketing 
Board in England and Wales (5). The reduction in variation was then calculated using the 
Milk Marketing Board age distribution along with the values for the effect of age found 
in Part I. A similar calculation was made for the effect of month of calving. The results 
for the major constituents are given in Table 1. It will be seen that correction for month 


Table 1. Percentage of variance due to environmental factors 


Factor Yield Fat SNF. Crude protein Casein Lactose 
Age 27 5 18 4 11 23 
Calving date 1 1 1 2 2 2 


of calving made a trivial reduction in variance for all characters, because each lactation 
extended over the greater part of a year. But the effect of age at calving was high for 
milk yield, s.Nn.F., lactose and casein. It was therefore decided to correct all characters 
for age. For yield, lactations up to the third were corrected by multiplying by factors 
derived from the results in Part I; fourth and later lactations were not altered. For the 
chemical constituents the correction was to the basis of that of the oldest group of cows 
by subtraction of quantities derived from Part I. 

This produced age-corrected single lactation records of 500 dam-daughter pairs, com- 
prising however only 814 individual cows. Many of the dams had more than one daughter, 
and several instances of three generations occurred, so that a few cows appeared both as 
daughter and as dam. 

It will be recalled from Part I that the work was done in two stages. It became obvious 
during the computations that the variation between lactation records was less in the 
second stage than in the first, partly perhaps because of increased accuracy of analysis. This 
variation was negligible in fat content and was at its worst in ‘ash’. This was probably 
because ‘ash’ was determined by difference (see Part I). The variance of the lactation 
records for ‘ash’ in the first part was three times that in the second and it was therefore 
decided to include in the calculations here only the ‘ash’ results for the second part. For 
the other characters, the extra variance was not sufficiently great to warrant separate 
treatment of the two parts. 


The genetic control of the different constituents 


In the modern approach to the inheritance of quantitative variation, the emphasis is 
not on the effects of individual genes, but on the extent to which the observed variation 
in the character concerned is due to differences between animals in their breeding value. 
To be more precise, the ‘heritability’ of a character is the proportion of the observed 
variance between animals which is due to differences in breeding value and is also equal 
to the regression of breeding value on performance. When we have a series of dam- 
daughter pairs, we can look upon the daughter’s performances as an indicator of her 
dam’s breeding value. If performance was an accurate guide to breeding value (i.e. if the 
heritability was one) then the dam-daughter regression would be one-half because only 
one-half of the daughter’s genes come from the dam. In general terms, the dam-daughter 

6-2 
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regression is equal to one-half of the heritability. If the variance within the dam and 
daughter groups is equal, then the regression of a daughter’s performance on that of her 
dam is equal to the correlation between them. It is in many ways more convenient to 
work with correlations than with regressions and, although there were in some cases 
significant differences in variance between the dam and the daughter groups, the effects 
were small in magnitude, and we shall therefore work entirely with correlation coefficients. 
It is an assumption in such calculations that there is no similarity between the per- 
formance of daughter and dam for reasons other than the genes they have in common. 
For this reason, it is usual to carry out the calculations within herds. It has also been 
customary in dealing with dairy cattle to work within groups of daughters by the same 
sire. This is generally advisable for two reasons: (i) if the data extend over a long period, 
any long-term trend in management will cause a similarity between daughter and dam; 
(ii) if compensatory mating is practised, the similarity between daughter and dam will be 
confused. A breeder might deliberately mate a bull he expected to transmit high fat to 
his low-fat cows and the daughters of these would show increased fat percentages. 

Neither of these points seems to be important in our material. Since the data extend 
over a period of only two years it is difficult to see how the second point can be important 
when, for the characters in which we are primarily interested, the breeder would have 
little or no idea of the performance of his cows. In most work, the analysis within sires 
is a precautionary measure which wastes little information because the sire groups are 
large. In this material, the 500 daughters had 171 sires in thirty-three herds, and analysis 
within sires rather than within herds would have reduced the degrees of freedom by more 
than one-third. It was therefore decided to do the analysis within herds, although on 
occasion within-sire figures were also obtained. 

The standard deviations of dams and daughters within herds is given in Table 2. 


Table 2. The standard deviations of lactation records of dam and daughter groups 


Dams Daughters 
Yield 175 gal. 176 gal. 
Fat 033% 037% 
S.N.F. 0-27% 0:26% 
Crude protein 017% 0-20% 
Casein 0-17% 0-18 % 
Non-casein N x 6:38* 0-08 % 0:09 %, 
Lactose 018% 0-15 % 
‘Ash’ 0-05 % 0:05 % 


* Obtained by subtraction of casein from crude protein values. 


For the constituents the variation between cows was highest for fat, and next highest 
for solids-not-fat. The variation in the latter was contributed equally by protein and 
lactose, that of protein being in the main due to variation in casein content. It is 
interesting that the variation in the dam group (averaging 6-8 lactations in age) is signifi- 
cantly lower than that in the daughter group (averaging 2-5 lactations) for protein and 
fat and is significantly higher in lactose. The latter result might possibly be due to the 
effects of disease on lactose content as mentioned in Part I. 

Table 3 shows the dam-daughter correlations for the different characters. For ‘ash’ 
the standard error was 0-068 and for the others 0-047. The heritability is obtained by 
doubling the correlation figure. 
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An alternative method of measuring the heritability would be from the variation 
between progeny groups within herds. Because of the small groups, averaging 2-5 
daughters per sire, this estimate had a high standard error and will not be presented here. 
In general, the agreement with the dam-daughter method was reasonably good. The 
expected genetic standard deviation between progeny groups given in Table 3 has been 
calculated from the dam-daughter correlations. 


Table 3. Dam-daughter correlations and heritabilities within herds 


Expected genetic 


Dain-daughter s.p. between 
Character correlation Heritability progeny groups 
Yield 0-123 0-246 44 gal. 
Fat content 0-161 0-322 0-11% 
S.N.F. content 0-264 0-528 0-09 % 
Crude protein content 0-238 0-476 007% 
Casein content 0-291 0-582 0:07% 
Non-casein N x 6:38 0-064 0-128 0-02% 
Lactose content 0-181 0-362 0-05 % 
‘Ash’ content 0-251 0-502 0-:02% 


No previous estimates of the heritability of solids-not-fat or of its constituents are 
available except from identical twins. Our results for yield and fat content can be com- 
pared with those of Mahadevan (6) for a group of Ayrshire herds in south-west Scotland, 
some of which were also included in our group. He obtained figures of 0-31 and 0-56 for 
yield and fat content respectively. Other workers have generally obtained heritability 
figures for fat content higher than ours, and it may be that our estimate is low to some 
degree because of the population sampled. Crude protein, casein, lactose and ‘ash’ had 
heritabilities in the neighbourhood of 0-5. 

Two other pieces of evidence, not so far presented in these terms, may be given here. 
Analyses from nine progeny groups at a Danish progeny testing station showed genetic 
standard deviations between groups of 0-09°% for fat content and 0-08°% for protein (7). 
Computation of data obtained in an investigation by the Milk Marketing Board in 
England (8) of nine herds possessing between them twenty-nine bulls gave similar figures 
of 0-15°% for fat and 0-09 °% for s.n.F. 


Inter-relationships between the different constituents 


In discussing the correlation between the different constituents we must again dis- 
tinguish between genetic and other effects. In dealing with single characters, we broke 
down the total variation (in genetic parlance, the phenotypic variance) into that due to 
differences between animals in breeding value and the remainder. In dealing with two 
characters, the joint variation between them—the covariance—again has a genetic 
component. We distinguish between the overall ‘phenotypic’ correlation between two 
characters and the ‘genetic’ correlation between the two, due to the same genes having 
effects on both characters. The former will contain a contribution from environmental 
factors affecting both. The phenotypic correlations may be quite different from the 
genetic, and in some cases have even been found to be of different sign. In the prediction 
of the change in one character by selection for another, it is the genetic correlation which 
is important. 

The phenotypic correlations between the major constituents are shown in Table 4. 
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The correlations between yield and the milk constituents are mainly negative. For all 
the constituents it is interesting that the correlations are more negative for the daughter 
group than for the dam group. In their investigation into the regression of fat on milk 
yield, the Bureau of Records of the Milk Marketing Board in England and Wales) found 
that the decline of fat with increase in yield was greater for cows in their first lactation 
than for older cows, which our results would appear to confirm and to extend to the other 
constituents. Indeed, the correlation between s.N.F. and yield in the dam group was 


Table 4. Phenotypic correlations (within herds) 


Dams Daughters 
Yield and fat — 0-028 — 0-139 
Yield and s.N.F¥. 0-097 — 0-176 
Yield and crude protein — 0-033 — 0-264 
Yield and casein 0-004 -— 0-196 
Yield and lactose 0-160 0-076 
Yield and ‘ash’ 0-004 — 0-054 
Fat and S.N.F. 0-328 0-398 
Fat and crude protein 0-372 0-416 
Fat and casein 0-428 0-431 
Fat and lactose 0-161 0-110 
Fat and ‘ash’ — 0-175 — 0-033 
S.N.F. and crude protein 0-769 0-812 
S.N.F. and casein 0-841 0-866 
s.N.F. and lactose 0-627 0-504 
S.N.F. and ‘ash’ — 0-083 0-118 
Crude protein and casein 0-915 0-928 
Crude protein and lactose 0-100 - 0-010 
Crude protein and ‘ash’ 0-126 0-097 
Casein and lactose 0-305 0-172 
Casein and ‘ash’ 0-047 — 6-002 
Lactose and ‘ash’ — 0-347 — 0-284 


D.F. (dams) 348 

D.F. (daughters) 465 
positive, being made up of a positive correlation with lactose and a slight negative one 
with protein. The lactose-yield figure is also positive but smaller in the daughter group. 
This surprising result was paralleled by a similar relation between lactose and yield found 
in Part I for all environmental factors except age. It seemed possible that this positive 
correlation between the yield and lactose for lactation averages might be due to the 
seasonal effect, but calculation showed that this would produce a correlation of only 
0-01 compared to the observed values of 0-160 and 0-076. 

Expressing the correlations between yield, fat and s.N.F. as regressions, an increase of 
100 gal. in yield will produce on the average a decrease of 0-005 °% in fat and an increase 
of 0:015% in s.N.F. in the dams, but in the daughters decreases of 0-029 and 0-026% 
respectively. The negative correlation between yield and fat has been known for many 
years, but there are few previous figures for the other constituents. Results obtained by 
the Milk Marketing Board(s) gave an average correlation between yield and s.N.F. of 
—0-14 in nine herds in England, but this would include a negative contribution due to 
the effect of age. 

Fat content showed a positive correlation of about 0-4 with s.n.F. and about the same 
with protein and casein, and a small but significantly positive correlation with lactose. 
The positive correlation between fat and s.N.¥. has been previously observed, the Milk 
Marketing Board) value being 0-50, and Lonka (10) finding a value of 0-57 for Ayrshire 
cows in Finland. 
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Solids-not-fat showed the expected high correlation with its main constituents, 
protein and lactose, but showed its highest correlation with casein. As would be expected, 
crude protein had a very high correlation with casein and also a significant positive 
correlation with ‘ash’ which will be discussed later. Casein itself had an unexpected 
positive correlation with lactose, and the latter had the expected negative correlation 
with ‘ash’. Lactose and ‘ash’ are the main constituents contributing to the osmotic 
pressure of the milk, and osmotic regulation will therefore lead to this negative re- 
lationship. 

It will be noted that the correlation between protein and lactose was small, whereas that 
between casein and lactose was positive and quite high (0-305, 0-172). We were therefore 
led to compute the correlation between lactose and non-casein nitrogen, using results for 
the latter for the first time in these calculations. The values obtained were —0-449 and 
—0-373 for the dam and daughter groups respectively. None of the other correlations of 
non-casein nitrogen were worthy of comment except for that with ‘ash’ (+0-203, 
+0-265). Non-casein nitrogen consists of albumin, globulin and a small fraction of low 
molecular weight compounds. 

Mention should be made here of the classic work of Tocher (11), perhaps too often over- 
looked. He investigated the inter-relationships of the different constituents in 676 indivi- 
dual samples taken in Scotland in 1922. As the basic data were from individual samples 
rather than lactation averages, the observed relationships are a compound of the 
differences between cows and the effects of age of cow, date of sampling and stage of 
lactation. Between casein and lactose, for instance, he found a slight negative relationship 
which in our data appears as the compound of negative relationships due to date of 
sampling and stage of lactation, and positive ones from the effect of age and the variation 
between individual cows. 

To estimate the genetic correlation, we have to measure the effect of the same genes 
with different environmental contributions, i.e. we have to measure the correlation between 
the characters in related animals. This will involve calculation of what we shall call the 
cross-correlations—the correlation between character 1 on animal A and character 2 
on its daughter B. If we were dealing with two characters which had the same heritability 
and were merely different manifestations of the same genes, i.e. the genetic correlation 
was one, the cross-correlation would be exactly the same as the simple dam-daughter 
correlations for the same character. In general, Hazel (12) has shown that, in terms of the 
above symbols, the genetic correlation between characters 1 and 2 is given by 


3("u4.2n+%24.1B) 


("4.18% 24.28)! 

For any two characters, there are two cross-correlations according to which character 
is measured in the dam, and which in the daughter. The results can be most simply 
represented in the form of Table 5. As there were 467 degrees of freedom, the standard 
error of each correlation was 0-047, except in the case of ‘ash’, for which it was 0-068. 

To obtain the genetic correlations from the cross-correlations we have to average in 
pairs and divide by the square root of the product of the two straight correlations, given 
in the main diagonal. The test for significant departure from zero of the genetic correlation 
is most simply done on the mean cross-correlation, which had a standard error of 0-035 
(for those involving ‘ash’, 0-048). Table 6 gives the mean cross-correlations in the upper 
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right-hand part (with values exceeding the 5 and 1% significance level indicated by one 
and two asterisks respectively), together with the genetic correlations derived from te hse 
in the lower left-hand part. The standard errors of the latter have not been given, as they 
depend on the heritabilities, but they will be of the order of 0-15 for those involving only 
the main constituents, 0-20 for those involving yield, and 0-30 for those involving ‘ash’. 


Table 5. Cross-correlations between lactation means 








Daughter 
Crude 
Yield Fat S.N.F. protein Casein Lactose ‘Ash’ 
Yield 0-123 0-027 0-038 0-070 0-051 0-001 — 0-037 
Fat - 0-031 0-161 0-099 0-093 0-118 0-081 — 0-078 
S.N.F. — 0-043 0-091 0-264 0-218 0-224 0-142 — 0-046 
Dam Crude protein 0-001 0-097 0-253 0-238 0-249 0-089 — 0-007 
Casein — 0-035 0-126 0-232 0-254 0:291 0-103 — 0-041 
Lactose — 0-046 0-047 0-148 0-080 0-087 0-181 — 0-136 
‘Ash’ 0-001 - 0-073 -0-117 — 0-040 - 0-081 — 0-229 0-251 


Table 6. The mean cross-correlations and genetic correlations 


Crude 
Yield Fat S.N.F. protein Casein Lactose ‘Ash’ 
Mean cross-correlations 
Yield -0:002 -0-003 0-036 0-008 — 0-023 — 0-018 
Fat -~0-01 0-095** —0-095** 0-122** 0-064 — 0-075 
S.N.F. — 0-02 0-46- 0-236** 0-228** 0-145** — 0-082 
Crude protein 0-22 0-48 0-94 0-252** 0-085** ~ 0-024 
Casein 0-05 0-56 0-82 0-96 0:095** — 0-061 
Lactose -— 0:16 0:37 0-67 0-41 0-41 — 0:183** 
‘Ash’ -0:10 — 0-42 — 0-32 -0-10 — 0-24 — 0:86 
Genetic correlations 
* 5% level, r > 0-066. ** 1% level, r > 0-085. 


Bearing in mind the standard error, there is good agreement between the members of 
the pairs of cross-correlations. One striking difference in the cross-correlation (Table 5) 
is that the correlations of the constituents with yield are on the whole negative when 
yield is measured in the dam and positive when it is measured in the daughter. It must 
be remembered that casein is the main determinant of crude protein and contributes 
appreciably to the s.n.F. and that correlations of these three characters are not inde- 
pendent of one another. However, none of the mean cross-correlations of yield (Table 6) 
with the constituents approach significance. This is due to the size of the experiment, 
which was basically designed to investigate genetic inter-relationships of the constituents. 
Previous workers have suggested that the genetic correlation between fat content and 
yield is about —0-2, a figure which would not have been statistically significant in our 
experiment. From the standard errors, we can reasonably assume that the genetic cor- 
relation between yield and s.N.F. content is not more negative than —0-3. The phenotypic 
correlations are indeed smaller than this, that in the dam group being +0-097 and in the 
daughter group —0-176. 

So far as the main milk constituents are concerned we find the genetic correlations to 
be statistically significant. Of most practical importance is the finding of a significantly 
positive correlation between fat and s.n.F. The value of 0-46 is of the same order as the 
phenotypic correlation. The genetic correlations between casein and fat, and casein and 
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lactose are significant at the 1% level and that between fat and lactose almost reaches 
the 5% level. It would seem that these three chemical constituents are strongly con- 
nected genetically in some cows. The genetic correlation between crude protein and fat is 
high, as might be expected from that between fat and casein. We find the expected 
negative genetic correlation between lactose and ‘ash’, the genetic correlation of —0-86 
being larger than the phenotypic correlation (ca. —0-3). The non-casein nitrogen has not 
been included in Tables 5 and 6 as none of the correlations involving it approached 
significance, excepting that with ‘ash’ (mean cross-correlation 0-084 + 0-048), which 
agrees with the significant phenotypic correlation between the two. The few data from 
progeny groups cited earlier suggest positive genetic relationships between fat and s.N.F., 
and between fat and crude protein, and agree with our findings. 


DISCUSSION 


The results presented here are the first estimates of heritability and genetic correlations 
of the non-fatty constituents calculated by the usual methods of dam-daughter correla- 
tion. Results from workers using identical twins show very high heritabilities, of the 
order of 80-90%, for these constituents. However, they also show heritability for milk 
yield of the same order. This latter conclusion is not borne out by the other methods of 
analysis that have direct relevance to practical improvement problems. These are the 
relations between the characters in daughter and dam (measuring the accuracy of selection 
of cows on their own performance), and the variation between groups of animals by the 
same sire (measuring the accuracy of a progeny test), and it is to these that we must turn 
for the clarification of the practical aspects of the problem. 

The comparatively high heritabilities that we do in fact find (Table 3) for s.N.F. and its 
constituents mean that they should respond directly to selection based on the per- 
formance of individuals without progeny testing. But, though fairly certain, the rate of 
response would be slow because of the low level of culling possible, the low variation 
between cows in s.N.F. content and the long generation length in the cow. Concentrating 
entirely on s.N.F. content, a policy of culling the worst third of the first lactation cows and 
of breeding bulls out of the best 5°% of cows should lead to an improvement of about 
0-02°% a year, by arguments similar to those for yield (13). In the selection of bulls, the 
high heritability means that a reasonably accurate progeny test for s.N.F. can be got with 
comparatively few daughters. As with fat percentage, records from ten or more first- 
lactation cows would be sufficient. We can again, from these results, indicate the order of 
magnitude of differences between sires. If we test twenty bulls on fifteen daughters, each 
under uniform conditions, we might expect, on the basis of figures in Table 3, that the 
highest progeny group should average 0-22°% better for s.n.F. than the mean for all 
progeny groups of the bulls tested. 

Turning now to the correlations between the different constituents, we find, as with fat 
content, that the highest lactations for yield tend to be below average for s.N.F. and 
protein but,surprisingly, above average for lactose. A positive relationship between yield 
and lactose was one of the striking features of the analysis of environmental effects on 
individual samples in the first paper. The positive correlation between lactation figures 
for fat and s.N.F. confirms the finding of other workers. We can, however, add that it is 
due to a positive relationship with both protein and lactose. A breakdown of the protein 
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into casein and the remainder shows that lactose has a positive correlation with casein 
and a higher negative one with non-casein nitrogen. The latter had also a positive cor- 
relation with ‘ash’ content. These findings may perhaps be useful to those interested in 
the biochemistry of milk formation. They do underline the need, in work on solids-not-fat, 
not to treat s.N.F. itself as a unit, but to analyse it further into its distinct chemical 
entities, which may react quite differently to environmental and genetic changes. 

Amongst the genetic correlations, the interesting conclusion is that cows which 
genetically tend to produce high casein will also tend to be above average for both fat and 
lactose. This is reflected in the genetic correlation of +0-46 between fat and s.N.F. 
However, the results do not allow any firm conclusion as to the genetic relation between 
yield and s.N.¥F., except that the correlation is probably small. If we accept a genetic 
correlation of —0-2 as being not in disagreement with our results, we would expect, on 
the basis of the variation between sires in Table 3, that a genetic improvement in milk 
yield by 100 gal. would produce a decline in s.N.F. content of 0-05%. As such a genetic 
increase in yield would be a very considerable advance on the present position, it would 
seem that we should not worry much about the effect of selection for yield on s.N.F. 
content. The positive genetic correlation between fat and s.N.F. means that, if attention 
is paid to fat content as well as yield in breeding, the decline in s.n.F. would be 
reduced, if not eliminated. However, it remains true that the genetic relationship 
between yield and s.N.F. content needs further investigation, and perhaps the best source 
of information would come from the deliberate sampling for s.N.F. of bulls being progeny- 
tested for yield on the basis of the daughters bred by artificial insemination. 

From the breeding aspect, it does not therefore seem necessary to adopt testing for 
S.N.F. on a large scale if we are merely concerned to prevent its decline as a result of a 
selection for yield. From a nutritional viewpoint, however, it is desirable to increase the 
s.N.F. content of the milk of some herds as quickly as possible, and to do this testing for 
S.N.F. would be necessary. Our results suggest that selection on the basis of such tests 
would lead to an improvement. In addition, there is the more general point that there is 
a presumptive legal lower standard limit for s.N.F., and the farmer has at present no ready 
means of knowing which cows are lowering the s.N.F. content of his herd’s milk. For both 
these reasons therefore, regular testing for s.N.F. appears desirable. 


SUMMARY 


1. A statistical analysis has been made of lactation records from 500 dam-daughter 
pairs of the Ayrshire breed. Measurements were taken of milk yield, fat, s.N.F., crude 
protein, casein and lactose. 

2. A correction was made for the age of the cow. This contributed a substantial fraction 
of the total variation for milk yield, s.n.F. and lactose contents. Month of calving had a 
trivial effect on the lactation average for the characters when compared with the indivi- 
dual variation between cows. 

3. After correction for age, the variation between lactations was highest for fat content 
(standard deviation 0-35°%) and slightly less for s.n.F. (0-26 %). 

4. The heritability was estimated by the dam-daughter correlation within herds. Values 
in the neighbourhood of 0-5 were obtained for s.N.F., crude protein, casein and ‘ash’ 
(determined by difference), about 0-35 for fat and lactose, 0-25 for milk yield and 0-13 for 
non-casein nitrogen. 
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5. The phenotypic correlations between yield and lactose were positive for both dam 
and daughter groups. The correlations between yield and the other constituents were 
more negative in the daughter group than in the dam group. The correlation between 
yield and s.N.F. was, in fact, positive in the latter. The correlation between fat and s.N.P. 
averaged 0-36, being derived mainly from the correlation between fat and casein (0-43), 
though that with lactose was also positive (0-13). 

6. The variation in 8.N.F. was mostly determined by that in casein (r=0-85). There 
was a positive correlation between lactose and casein (0-24), and a negative one between 
lactose and non-casein nitrogen (—0-41). Lactose was negatively correlated with ‘ash’ 
(—0:31). ‘Ash’ was positively correlated with non-casein nitrogen (0-23). 

7. There were positive and significant genetic correlations between casein and both fat 
and lactose, and that between the last two was almost significant. 

8. No significant genetic correlations were found between yield and the chemical 
constituents, although figures of practical importance may exist which did not reach 
significance in an experiment of this size. 

9. The practical significance of these results is discussed. It is concluded that selection 
for yield alone is not likely to cause any great decline in s.n.¥. content of the milk, and 
that this could probably be held in check by paying some attention to the fat content of 
the milk. 


The authors wish to thank Mr W. S. Russell for the statistical calculations. 
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615. COLOUR CHANGES IN HEATED AND UNHEATED MILK 


V. THE EFFECTS OF TEMPERATURE OF MEASUREMENT, pH, AND THE 
ADDITION OF CERTAIN IONS ON THE REFLECTANCE OF SEPARATED MILK 


By H. BURTON 
National Institute for Research in Dairying, University of Reading 


(With 10 Figures) 


Previous papers in this series(1,2,3) have described the irreversible changes in the 
reflectance of separated milk occurring at temperatures exceeding about 70°C. The 
present paper presents experimental data on the characteristics of other changes in 
reflectance which do not involve an irreversible effect of heat, and explains these charac- 
teristics in terms of causative physical changes in the milk. 

Throughout these experiments, the method of determining the reflectance of the milk 
samples was that described earlier(1), using an EEL reflectance spectrophotometer 
(Messrs Evans Electroselenium Ltd.) with the samples contained in a glass-walled optical 
cell. The reflectance values given are relative to a standard of opal glass. 


THE EFFECT OF TEMPERATURE OF MEASUREMENT 


The temperature of a milk sample contained in an optical cell was varied by immersing 
the optical cell in a water-bath of suitable temperature. The milk temperature was 
monitored continuously by means of a copper-constantan thermocouple mounted in the 
cell and connected to a manually operated potentiometer. When the temperature was 
approximately that required, the optical cell with its thermocouple was removed from 
the water bath, carefully dried, and the reflectance measured. In using this method, the 
temperature of the milk and also its reflectance were changing during the measurement 
whenever the milk temperature differed from that of the surroundings. With continuous 
monitoring, no difficulty was experienced in obtaining reproducible results under these 
conditions. 

Samples of separated milk, and of separated milk previously heated for various times 
at 110° C., were used. Fig. 1 shows the effect of temperature on the reflectance of these 
samples at a wavelength of 4260A. (Filter 601 in the EEL spectrophotometer). In all 
cases there is a reversible linear increase of reflectance with temperature, the coefficient 
being approximately +0-1°% per °C. Although there is a slight indication that the 
coefficient increases for samples previously heat-treated for up to 30 min. at 110° C., the 
effect is too slight to be considered definitely established. 

The results for a sample of 40% cream are included in Fig. 1. The reflectance again 
varies linearly with temperature, but to a much smaller extent than with separated milk 
and in the opposite sense. The temperature coefficient of reflectance for the cream is about 
—0-04% per ° C. 

The effect of temperature on the spectral variation of reflectance could not be obtained 
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directly with the method described above because it was impossible to hold the milk at 
a constant temperature for the necessary time. An indirect method was therefore used, 
in which a curve similar to that for unheated milk in Fig. 1 was obtained for each of the 
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Fig. 1. The effect of temperature on the reflectance of heated and unheated separated milk and of unheated cream 
(solid points, temperatures falling; open points, temperatures rising. O @, separated milk—unheated; 
A A, separated milk—held at 110°C. for 10 min.; 1) §, separated milk held at 110° C. for 30 min.; 
VY YW, separated milk—held at 110° C. for 60 min.; x, 40% cream—unheated). 
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Fig. 2. The effect of temperature of measurement on the spectral variation of 
reflectance of separated milk. 


filters in the spectrophotometer, i.e. a family of nine linear curves was obtained. The 
spectral distributions of reflectance at 15 and 35° C. were then obtained from the inter- 
cepts of this family of curves at the two temperatures. The results for a sample of unheated 
milk are given in Fig. 2. An increase in temperature is seen to cause an increase in 
reflectance, which is approximately constant throughout the visible spectrum. 
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Experience in these experiments suggested that the reflectance of the milk was not 
responding immediately to changes in temperature. A sample of unheated separated 
milk contained in the optical cell was therefore held overnight at a temperature of 2° C., 
and at a time defined as zero, the cell was immersed in warm water to raise the milk 
temperature rapidly to 20° C., as measured by a thermocouple in the milk. Immediately 
the temperature reached 20° C., the reflectance was measured at a wave-length of 4260 A. 
The temperature was then maintained at about 20° C., and the measurement repeated at 
intervals until the reflectance became constant. Small variations in the temperature of 
the milk sample during the experiment, which amounted to approximately +1° C., were 
compensated for by applying the temperature coefficient of +0-1°% per ° C. found above. 
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Fig. 3. Variation of reflectance with time after a sudden change in temperature (@: temperature raised from 
2 to 20° C. at zero time; O: temperature lowered from 50 to 20° C. at zero time). 


When the reflectance had become constant, the cell was immersed in water at 50° C.. 
and held there for 45 min. The milk temperature was then rapidly reduced to 20° C. by 
temporary immersion of the cell in chilled water, and the reflectance was again measured 
at intervals. 

The results of this experiment are shown in Fig. 3. It can be seen that the reflectance 
does not follow the sudden change in temperature, the value corresponding to the final 
temperature being reached only after 2 hr. The curves of reflectance against time approxi- 
mate closely to an exponential form with a time constant of about 35 min. 


THE EFFECT OF pH VARIATIONS 


The pH values of subsamples of an unheated, separated milk were adjusted by the 
addition of n/9 sodium hydroxide, or approximately n/9 sulphuric acid, the pH being 
measured by means of a glass electrode and manually operated potentiometer. The 
reflectance of the samples was then determined. The spectral variation of reflectance for 
one such series of samples is given in Fig. 4. The effect of changes in pH is seen to be 
similar to the effect of variation in the temperature of measurement, in that the reflect- 
ance at all wavelengths is altered by approximately the same amount. 
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The variation of reflectance at a wavelength of 4260A. with pH for samples prepared 
from three different bulk milks is shown in Fig. 5. At values of pH below approximately 
6-6 the reflectance varies little, but above that value a sharp drop occurs. Although the 
absolute value of reflectance is different for the three milks, the point at which the change 
of slope occurs is approximately the same, and the variation of reflectance with pH at 
high pH values is approximately the same. The slope of the reflectance-pH curve above 
pH 6-6 is about —5-1% per pH unit. 
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THE EFFECT OF THE ADDITION OF CALCIUM, CITRATE AND PHOSPHATE IONS 
Calcium ions are generally considered to have a strong influence on the colloidal pheno- 
mena in milk. It was therefore decided to find whether the addition of such ions influenced 
the reflectance of milk. Similarly, since citrate and phosphate ions are often added to 
milk to control the calcium ion concentration, the effect of addition of citrate and 
phosphate was investigated. 

Calcium was added in the form of a 2°% solution of calcium chloride. The effect on the 
spectral variation of reflectance of the addition of various amounts of this solution to raw 
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separated milk is shown in Fig. 6. The reflectance changes are of the same type as those 
described above, i.e. the reflectance rises over the whole visible spectrum, although there 
is some indication that the rise is slightly higher at the blue end. 

To determine whether calcium ions have the same effect in samples of different composi- 
tion, separated milk samples were obtained from the milk of individual cows. In one case, 
samples were obtained twice from the same cow at a few days’ interval. The samples were 
subdivided into six 50 ml. amounts, and 0-2, 0:4, 0-6, 0-8 and 1-2 ml. of 2% calcium 
chloride solution were added to five of these. The pH values of the individual subsamples 
were determined, and the reflectances measured at a wavelength of 4260A., with the 
results shown in Fig. 7. 

In all cases, the addition of calcium chloride causes the reflectance to rise, although the 
magnitude of the change varies for different milk samples. The repeat samples from the 
same cow show similar results, though at slightly different reflectance levels. 

The interpretation of the results is complicated by the fact that addition of the calcium 
chloride caused the pH of the milk to fall, except in one case. As described earlier, this 
fall in pH would in itself cause the reflectance to rise. It is shown in Table 1 that this rise 
is not sufficient to account for the observed reflectance changes. The change in pH for the 
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addition of 1-2 ml. of 2% calcium chloride to 50 ml. of separated milk is set out for all the 
samples. The resultant change in reflectance, assuming a —5°% change in reflectance per 
)- pH unit, is also given, and is consistently lower than the actual rise in reflectance. The 
d assumed value of —5°%% per pH unit for the coefficient of change of reflectance might be 
/0 
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Fig. 7. The effect of calcium ions on the reflectance of different milk samples, 
expected to exaggerate the effect of pH, since it is a maximum value which applies when 
the pH of the milk is relatively high. It can be seen by reference to Fig. 5 that the pH 
values of the samples included in Table 1 lie in a range in which the coefficient is changing 
rapidly from the maximum of —5-1°% per unit to a value close to zero. The change in pH 
se caused by the addition of the calcium chloride is therefore likely to cause reflectance 
re changes even smaller than those given in Table 1. 
si- Table 1. Change of pH and of reflectance at 4260A. caused by the addition of 1-2 ml. 
e, of 2% CaCl, to 50 ml. of raw separated milk 
re Reflectance Actual 
m change due reflectance 
* Sample no. Initial pH Final pH to pH* change 
- l 6-68 6-69 — 0-05 1-2 
he 1 (a) 6-68 6-62 +0-30 1-0 
2 6-65 6-50 +0-65 1-4 
3 6-73 6-68 +025 0-6 
he 4 6-765 6-64 +0-62 1-0 
5 6-73 6-65 +0-40 2-8 
he 6 6-74 6-69 +0-25 1-8 
* Based on a change of —5% per pH unit. 
im 
11s From these results it seems probable that the addition of calcium ions to separated 
ise milk causes an increase in the milk reflectance which is additional to any change caused 
he by the associated variation of pH. 
yi Dairy Res. 23 
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A similar experiment was carried out in which various amounts of a 2% solution of 
sodium citrate (NazC,H,0,.2H,O) were added to samples of milk taken from individual 
cows. In every case the reflectance was progressively lowered throughout the visible 
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. The effect of citrate ions on the reflectance of different milk samples. 
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spectrum, as shown in Figs. 8 and 9, while the pH was increased. Additions of 2% 
disodium phosphate gave similar results which are not presented in detail. 

The changes in 
pH unit, and act 


pH, calculated changes in reflectance on an assumed basis of —5% per 
ual changes in reflectance are summarized in Table 2 for additions of 
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2-5 ml. of 2° sodium citrate to 50 ml. of milk, and in Table 3 for additions of 1-2 ml. of 
2% disodium phosphate. Although the different amounts of the two salts cause approxi- 
mately the same changes in pH, the drop in reflectance is constantly much greater for the 
citrate than for the phosphate. In both cases, however, the drop in reflectance is greater 
than would be expected from the associated change in pH. 

Both citrate and phosphate ions therefore reduce the reflectance of separated milk 
independently of the associated rise in pH. Citrate is more effective than phosphate in 
bringing about this independent decrease in reflectance. 


Table 2. Change of pH and of reflectance at 4260A. caused by the addition of 2-5 ml. 
of 2% Na,C,H,0,.2H,O to 50 ml. of raw separated milk 


Reflectance change Actual 
Sample no. Initial pH Final pH due to pH* reflectance change 

1 6-70 6°74 — 0-20 -1-1 
1 (a) 6-78 6-86 ~0-40 ~1-8 
2 6-675 6-735 — 0-30 - 2:0 
2 (a) 6-695 6-77 — 0°37 -19 
3 6-605 6-675 — 0-35 1-2 
4 6-54 6-60 — 0:30 1-9 
5 6-77 6-85 ~ 0-40 ~1-8 
6 6-73 6-82 — 0-45 — 2-5 
i! 6°77 6-85 — 0-40 -3°3 
8 6-72 6-78 ~ 0-30 -—4-0 
9 6-735 6-78 — 0-22 — 2-9 


* Based on a change of —5% per pH unit. 


Table 3. Change of pH and of reflectance at 4260 A. caused by the addition of 1-2 ml. 
of 2% Na,HPO, to 50 ml. of raw separated milk 


Reflectance change Actual 
Sample no. Initial pH Final pH due to pH* reflectance change 
1 6-75 6-83 — 0-40 — 0:6 
1 (a) 6-74 6-85 ~ 0-55 ~0-4 
2 6-775 6-88 — 0-52 -1:9 
2 (a) 6-695 6-755 — 0-30 -0-9 
3 6-68 6-77 — 0-45 — 0-4 
4 6-62 6-685 — 0-32 -05 
5 6-83 6-895 — 0-32 -11 
6 6-73 6-80 — 0:35 -1-0 
a 6-79 6-86 — 0-35 -1-0 
8 6-72 6-79 — 0°35 — 0-4 
9 6-74 6-82 - 0-40 — 0-6 


* Based on a change of -5% per pH unit. 


DISCUSSION 


It has been shown in a previous paper(4) that if the reflectance of milk rises uniformly 
throughout the visible spectrum, the cause is probably an increase in the mean size of the 
colloidal particles. In particular, if the changes of reflectance occur at temperatures below 
about 50° C., where soluble protein denaturation does not occur, it is probable that the 
changes in size are occurring in the calcium caseinate-phosphate complex. It follows that 
the changes in the reflectance of milk considered in this paper can be ascribed to changes 
in the mean size of the casein micelles. This again leads to the following conclusions: 

(i) Increase in temperature of liquid milk at temperatures below 50° C. causes an 
increase in the mean size of the caseinate particles, with a corresponding decrease in size 
on decrease of temperature. 


= 
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(ii) This change in particle size requires time to become fully established. 

(iii) Casein particle size is independent of pH between approximately 5-8 and 6-6, but 
decreases rapidly at pH values above 6-6. 

(iv) Addition of calcium ions increases, and addition of citrate and phosphate ions 
decreases, the size of the casein particles. 

These conclusions concerning the behaviour of the casein particles in milk can be 
related to other published results. Different types of measurement on milk have given 
indirect evidence on the particle size, while a certain amount of direct evidence has been 
obtained by electron-microscopy and other means. 

Of the indirect indications of particle size, viscosity measurements are perhaps the 
most important. The viscosity of milk rises with decrease in size of the casein particles, 
presumably as the result of an increase in the proportion of bound water associated with 
the casein, which in turn increases the effective volume concentration of the dispersed 
phase. The presence of bound water is unlikely to influence the reflectance of milk, since 
there will be no discontinuity in refractive index at the water-bound water interface so 
that the scattering on which the reflectance depends will not be altered from that due to 
the protein particles alone. There should, however, be some relation between reflectance, 
viscosity and bound water since all appear to depend on particle size. 

Eilers (5) has discussed the viscosity of separated milk in detail. One of his curves for 
the variation of viscosity with pH is given in Fig. 5, and the correspondence between the 
behaviour of reflectance and viscosity with variation of pH is most marked. Eilers 
attributed the increase in viscosity above pH 6-7 to an increased degree of dispersion of 
the colloidal material, primarily casein, an interpretation which agrees with that of the 
reflectance data. 

The results of Whitaker, Sherman & Sharp (6), Wegener (7) and Eilers (5), on the variation 
of the viscosity of separated milk with temperature, are in agreement, and show that the 
relative viscosity declines steadily with increasing temperature up to 60-70° C. The curves 
given by Eilers show a point of inflexion at a temperature of 30° C., while those given by 
Whitaker e¢ al. and the data calculated from Wegener’s results show a steady decline: in 
view of the scatter in Eilers’s results, this latter seems the more probable behaviour. At 
temperatures above 60-70° C. the relative viscosity shows a sharp upward trend. 

The fall in viscosity with increasing temperature up to 60° C. could be caused by an 
increase in the size of the caseinate particles, a conclusion which is identical with that 
drawn from the reflectance results. According to Pyenson & Dahle(8), the bound water 
of milk decreases with increasing temperature from 51% at 2-3°C. to 42% at 40°C., 
which is also consistent with an increase in the size of the caseinate particles over this 
range. 

There is little evidence on the existence of a change in viscosity with time after a sudden 
change in temperature, an effect which the second conclusion from the reflectance results 
would lead one to expect. Eilers (5) has observed that when milk is heated to temperatures 
below 65° C. and then cooled, its viscosity is lower than before heating. However, after 
storage for one day the viscosity has returned to its original value. There is little doubt 
that this phenomenon is essentially the same as that observed in the reflectance results, 
although the times required for recovery of the original viscosity and of the original 
reflectance appear to differ. According to Hilers, when milk is heated to 55°C. and 
subsequently cooled to 15° C. the recovery of viscosity in 3 hr. amounts to only 30% of 
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the total change. The reflectance results in Fig. 3 show that the reflectance has returned 
completely to its original value at the end of 3 hr. when the milk is held at 20° C. 

At temperatures below 60° C., therefore, the reflectance and viscosity results can both 
be interpreted as being caused by changes in the size of the casein particles with tempera- 
ture and pH. At temperatures above 70° C., however, the results apparently become 
anomalous. The relative viscosity of separated milk begins to rise sharply and irre- 
versibly (5,6,7), and Eilers(5) has shown that this rise is associated with denaturation of 
soluble protein. In the same temperature range an irreversible rise in the reflectance of 
milk occurs (2), which has also been attributed to denaturation and subsequent aggregation 
of the soluble proteins of the milk (4). As explained above, aggregation of the soluble 
protein particles might be expected to involve a fall in the milk viscosity, associated with 
a fall in the proportion of bound water. In fact although the bound water continues to 
decrease as milk is heated to temperatures above 70° C.(8) the viscosity change is the 
reverse of what might be expected. 

Closer examination leads to an explanation of this apparent anomaly. In a suspension 
of hydrated particles having a constant true volume concentration, an increase in the 
particle size will cause a decrease in the viscosity if the shapes of the particles remain the 
same during increase in size, e.g. if spherical particles remain spherical. However, change 
in the shape of a particle from spherical to spheroidal causes a rapid increase in the 
effective voluminosity of the particle and in the effective volume concentration of the 
suspension (9). This in turn increases the viscosity of the suspension. Using the theory 
outlined by Burgers (9), it can be shown that if spherical particles in a suspension of fixed 
volume concentration coalesce in such a way as to form elongated particles of approxi- 
mately the same cross-section as formerly, then increase in viscosity of the suspension 
can occur. If the length/breadth ratio of the particles increases to 4 or more, it is possible 
for the particles to become larger in all dimensions and yet for the viscosity to increase 
markedly. (See Appendix.) 

These considerations show that there is no inconsistency in the viscosity of milk and its 
reflectance increasing together when the soluble proteins are denatured. The simultaneous 
occurrence of the two effects suggests rather that the soluble proteins aggregate after 
denaturation to form elongated and not approximately spherical particles. 

As far as is known, there are no published data on the effect of calcium ions and of 
citrate and phosphate ions on the viscosity of separated milk which would confirm the 
conclusion that calcium ions increase and the other ions decrease the size of the casein 
particles. Pyenson & Dahle(s) have shown that calcium phosphate and lactate decrease 
the amount of bound water in milk plasma, while sodium citrate and disodium phosphate 
cause an increase. This conforms with expectations. 

However, more direct information is available on the effect of calcium ions from the 
electron-microscopic work of Hostettler & Imhof (10) and Imhof (11). They have shown that 
dilution of milk causes a slow decrease in the size of the casein particles, and that additions 
of calcium chloride sufficient to maintain the original concentration of calcium ions 
prevents this. Increase in the calcium-ion concentration by evaporation of milk causes an 
increase in the particle size. Further, if calcium chloride is added to a solution of sodium 
caseinate, calcium caseinate particles are formed and increased in size. These authors 
conclude that the calcium content of the casein particles controls their size, and that there 
is an equilibrium between the calcium concentration in the solid phase and in the serum. 
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Modification of the serum concentrations disturbs this equilibrium and causes a change 
in size of the calcium caseinate particles. These results are in agreement with the con- 
clusions from the reflectance results. 

The fact that change in calcium-ion concentration appears to take time to influence 
the particle size, as shown by Hostettler and Imhof, suggests an explanation for the 
variation of particle size with temperature. The ionic equilibrium between solid phase and 
serum is probably temperature dependent. The time factor in the relationship between 
reflectance and temperature may then arise from the time required for calcium ions to 
equilibrate between the solid and liquid phases. According to this theory, the adjustment 
should occur more rapidly at a higher milk temperature because of the higher rate of 
diffusion. The present experiments were carried out only at 20° C., and so give no informa- 
tion on this point. 

SUMMARY 

Variation in the temperature of measurement, pH, and concentration of calcium, citrate 
and phosphate ions have been consistently found to affect the reflectance of separated 
milk in such a way that the entire curve of reflectance versus wave-length in the visible 
spectrum is raised or lowered. At temperatures between 10 and 50° C. the reflectance rises 
reversibly with temperature. The change is not instantaneous, and if the temperature is 
changed abruptly the reflectance change to the new value is exponential, with a time 
constant of about 40 min. 

Reflectance is independent of pH in the range 5-8-6-6, but for greater values it drops 
sharply. 

Added calcium ions increase the reflectance of separated milk, and added citrate and 
phosphate ions decrease it, independently of the simultaneous changes in pH. 

It is suggested that the reflectance changes which have been found to occur are all 
caused by changes in the sizes of the casein particles in milk which are brought about by 
the factors considered. The results given by other authors on viscosity and bound water 
content, and on direct electron-micrographic observation of casein, are cited to support 
this contention. 

It is further suggested that the change in casein particle size with temperature may be 
due to a change in the calcium-ion distribution between solid and liquid phases. 

The viscosity and reflectance results for separated milk heated to 70° C. and above are 
apparently anomalous, but they can be explained on the hypothesis that denatured 
soluble proteins aggregate into particles having a high ration of length to breadth. 


I wish to thank Mr Tom Cheeseman for his assistance with the experimental work 
reported in this paper, and Miss H. R. Chapman and the staff of the Experimental Dairy 
for the supply of milk samples from individual cows. I am also most grateful to Dr R. 
Aschaffenburg, Dr 8. J. Rowland, Dr G. W. Scott Blair and Dr C. C. Thiel for their 


advice. 
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APPENDIX 


The effect of increase in size and change of shape of hydrated ellipsoidal particles on the 
viscosity of a suspension of the particles having a constant true volume concentration 


Notation: » =viscosity of suspending fluid. 
Nef. = Viscosity of suspension. 


an m3 
sp. 


=specific viscosity. 
c¢=true volume concentration of suspended material. 
a=semi-major axis of the ellipsoid. 
b=semi-minor axis of the ellipsoid. 
t=thickness of the hydrated layer of suspending fluid. 
n=number of suspended particles per unit volume. 
A,, Ay; = factors, functions of a/b. 


According to the comprehensive survey of the subject by Burgers(), the specific 
viscosity of a dilute suspension of ellipsoidal particles is given by 


Nsp. = (47/3) ab’nA; where Brownian movement is slight, (1) 
and Nsp, = (47/3) ab’nAy,; where there is considerable Brownian movement. (2) 


4z7ab?/3 is the volume of an ellipsoidal particle, so that 47ab?n/3 is the true volume 
concentration, c. In the limit, for spheres, a=6, and Ay=A,,; =2-5. The equations then 
reduce to the Einstein equation for very dilute suspensions. 


sp, = 2°5¢. (3) 
In separated milk, the suspended particles are hydrated, so that the effective volume 


concentration differs from the true volume concentration. If the thickness of the 
hydrated layer is t, then the effective volume of an ellipsoid as considered above becomes 


dar 4rrab? ) 2t ft 
aes De sia et ne ae Set 
7 (ati(b+t=— (146 (1+ 5 +5): 


If t/a and t/b are small, second and higher order terms can be ignored, and the volume is 


given by i 1 2 
= an +t ( +4) | 
3 a b 


The effective volume can then be used in place of the true volume in equations (1) 
and (2). Equation (2) is selected since Brownian movement is likely to be important. 


Therefore 
4a 1. 
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Now 47ab?n/3 is the true volume concentration and remains constant. Therefore 


Nsp, _ a 2 
ter [1 +¢((+5) [An (4) 


The variation of 7,,,/c with b/t according to equation (4), for various values of a/b and 
using the values of Aj; tabulated by Burgers(), is given in Fig. 10. 





4b a/b=6 


a/b=4 
T ee a/b=2 


a/b =1 











0 | | | l 1 j 
10 20 30 40 50 60 


b/t 


Fig. 10. Variation of 7,,,/c with b/t for different values of a/b. 





Each one of this family of curves refers to a suspension of particles of similar shape, 
and shows how the viscosity of a suspension of fixed true volume concentration depends 
on particle size and degree of hydration. When there is no hydration, b/t is infinite for all 
values of b and the viscosity is independent of particle size for a fixed concentration. If 
the thickness of the layer ¢ remains constant, as is probable since a solvated layer is 
generally of monomolecular thickness, the viscosity decreases with increasing particle size. 

However, if increase in the size of the individual particles involves a change in shape 
so that they become ellipsoids of increased ratio of length to breadth, the viscosity 
increases rapidly. For particles having a high ratio of 6 to t, aggregation into larger sizes 
will always cause an increase in viscosity, provided that the increase in size does not 
involve an increase in b. This is shown by the relation between the curves for different 
values of a/b at a fixed value of b/t. If the aggregation increases the ratio a/b to 4 or more, 
large increases in b can also occur while at the same time the viscosity increases. 

It is not claimed that this analysis is exhaustive: too many factors have been ignored 
for it to be anything other than highly approximate. For example, Einstein’s formula 
for infinitely dilute suspensions has been used, interaction between particles has been 
ignored, and the influence of possible changes in the degree of hydration on the ratio b/t 
has not been considered. The analysis indicates the possibility, however, that the viscosity 
of a suspension of constant true volume concentration can rise with increasing particle 
size, provided that the particles become increasingly elongated. 


(MS. received for publication 18 May 1955) 
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616. THE SIZE OF FAT GLOBULES IN THE MILK OF 
DISEASED COWS 


By J. O. L. KING 
University of Liverpool Veterinary Field Station, Neston, Wirral 


Variations in the fat percentage of the milk yielded by normal cows appear to be accom- 
panied by changes in the size of the globules in some instances and not in others. The size 
of the fat globules varies according to the breed. Turner & Haskell(i) found that the 
diameter of the globule of average volume was 4-01 » for Jerseys, 3-27 » for Ayrshires, and 
3:12 for Holsteins. Since the average fat percentage of Jersey milk is higher than that 
of Ayrshire milk, and since this breed’s milk has a higher average fat percentage than 
Friesian milk, the fat globule diameter appears to vary with the fat percentage between 
breeds. Experiments with fractional milking indicate that the average diameter of the 
fat globules increases as the fat percentage rises. Collier (2) found a fairly steady increase 
in the relative size of fat globules from the first to the last pint, when successive pints 
from one milking were examined, and showed that this increase accompanied the increase 
in the percentage of fat. Similar results were obtained by Gaines(3), Johannson (4) and 
Johannson, Korkman & Nelson (5). Woll (6) found that the average size of the globules was 
larger in morning than in evening milk, though the number was essentially the same for 
a given volume. Thus the higher fat percentage of morning milk was accompanied by an 
increase in the size of the fat globules. 

The greatest single factor affecting the size of the fat globules within a breed is advance 
in lactation, and the results recorded do not show an association between fat globule size 
and fat percentage. Eckles & Shaw(7) showed that the size declined very sharply during 
the first 6 weeks, then remained relatively constant for 5-6 months, and then declined 
much more rapidly towards the end of lactation. Woll(8) showed that there was an 
increase in the number of globules which accounted for the raised fat percentage as the 
lactation progressed. 

Changes in a cow’s environmental or physical state appear to increase fat globule size. 
Gutzeit (9) found a distinct increase in the size of the globules when turning cattle on 
pasture in the spring or on housing them in the autumn, and Weigmann (10) found that in 
general the change from pasture to stall feeding caused an increase in the size of the 
globules. It is probable that the sudden change of conditions, rather than the change in 
diet, was the factor which produced the variation, for Campbell (11) found that samples 
from two cows kept under carefully controlled experimental conditions showed little, 
if any, difference when grass was substituted for silage, and he found that turning cows 
out to pasture had very little effect on fat globule size when the cows were fed a grain 
ration while on grass. On the other hand, he showed, from observations on one cow, that 
withholding food and water caused an increase in fat globule size. The increase began with 
the second milking of the fasting period and increased rapidly during the next four 
milkings. Gutzeit(9) found that there was an increase in the size of the fat globules 
following stormy days during which the animals were housed, and Woll (2) expressed the 
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opinion that any disturbance such as sickness or excitement had an effect on the size of 


the globules. Campbell (11) records three cases in which a serious injury resulting in an 
infection produced a noticeable change in the fat globule size. A severe teat injury, 
resulting in a badly infected udder and a material decrease in milk production, caused the 
mean fat globule volume of a Holstein cow to rise from 8-8 to 17-53; severe footrot in 
a Guernsey cow was accompanied by an increase in the mean fat globule volume from 
10-6 to 33-23; and a less severe attack in a Holstein cow with an increase from 13-4 to 
17-3 p. 

The object of the work described in the present paper was to study the effect of elevated 
body temperature on milk fat globule size. 


EXPERIMENTAL 


All the figures for yield, fat percentage, and fat globule size are averages for consecutive 
morning and evening milkings. The samples of milk were thoroughly mixed by rotating 
the bottles, but they were not agitated sufficiently to break the globules. The fat per- 
centages were determined by the B.S.S. no. 696 (1936) Gerber method. For the estimation 
of globule size 0-5 ml. milk was placed in a watch-glass and to it was added 1 ml. of a 
glycerin-cochineal stain mixture as prepared by Turner & Haskell (!). This stain was used 
to reduce Brownian movement and refraction of light by the globules; thus the outline 
was made more distinct. After thorough mixing several drops of the stained milk were 
placed on a slide and surrounded by a vaseline ring, and the cover-slip pressed down. The 
slides were then left in a flat position for an hour or more to allow the fat globules to rise. 
They were then examined with an oil-immersion lens and a graduated micrometer eye- 
piece and the diameters of a hundred globules on each slide were measured and the 
average diameter calculated. The dimensions of the eyepiece graduations were determined 
by the use of a stage micrometer as described by Mackie & McCartney (13). 

The temperatures of the cows were taken before milking by inserting a stub-nosed 
thermometer into the rectum to a depth of between 8 and 9 cm., and keeping it in position 
for approximately 1 min. Care was taken to see that the thermometer came into contact 
with the rectal wall, and was not embedded in faecal matter. From the results given in 
the literature cited in an earlier paper (14), it has been concluded that the temperature of 
a dairy cow at rest, if not taken immediately after feeding or milking, can rise to 102-4° F. 
before the incidence of disease is suspected, but that a temperature of 102-5° F. or over 
indicates that some abnormality may be present. 

The thirty-one cows from which milk samples were taken were all housed in loose-boxes, 
while undergoing treatment at the University of Liverpool Veterinary Hospital in the 
period 1949-55. Care was taken to see that factors, other than disease, known to affect 
the composition of milk did not have any influence on the samples examined. The cows 
were milked at the same time each morning and evening, and the milk was thoroughly 
mixed before being sampled. Both breed and individual variations were allowed for since 
each cow acted as its own control, and, since the observations for each individual were 
made over such a short period, the effect of advance in lactation would be unimportant. 
A standard ration consisting of a proprietary brand of concentrates and hay was fed at all 
times, and milk samples were not taken from cows which were not eating. 
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RESULTS 
Cows with ‘normal’ body temperatures 


In view of the findings in the literature that a sudden change of conditions increases the 
average fat globule size, samples were examined from eleven cows, which underwent 
a change but which did not show a body temperature above 102-4° F. Samples were 
collected on the second and seventh days after the animals’ admission to hospital, except 
for those cows on which Caesarian sections were performed. For the latter the samples 
were not taken till the fifth day after the operation, and again 5 days later. Details of the 
cows are given in Table 1. The results were compared to find whether the sudden change 
caused by the travelling and the operation itself had any effect. They are summarized in 
Table 2. 


Table 1. Details of the cows with ‘normal’ body temperatures from which milk 
samples were examined 


Case no. Breed Age Disease condition 

33 Friesian First calf heifer Rumenotomy 

34 Friesian Cow Rumenotomy 

37 Guernsey Cow Rumenotomy 

38 Ayrshire Cow Encephalitis due to a 
cranial injury 

39 Ayrshire Cow Ruminal fistula. Tro- 
charized 3 weeks before 

54 Friesian First calf heifer Caesarian section 

55 Ayrshire Cow Caesarian section 

56 Friesian Second calf heifer Caesarian section 

57 Friesian Cow Amputation of a digit 

58 Friesian Cow Amputation of a digit 

59 Guernsey cross Cow Dehorned 


Table 2. The average milk yield, fat percentage and fat globule diameter 
for the cows with ‘normal’ body temperatures 


(1) 2) Standard error 
First day Fifth day of means 
Average yield (lb.) 13-9 15-7* £05 
Average fat content (%) 4-79 4-95 -+0-19 
Average fat globule 3-511 3-406 + 0-198 
diameter (,) 
* The difference between 13-9 and 15-7 was significant (P =0-01). 


These results show that though the rise in yield was significant at the 1°% level, the 
differences in fat percentage and fat globule size were not. On the fifth day yields were 
raised in eight of the cows, they remained the same in two, and were slightly reduced in 
the remaining cow. The fat percentages were elevated in five cows, lowered in four and 
remained the same in the other two. The average fat globule diameter was larger in five 
cows and lower in the other six. It would thus appear that the upset of a journey, an 
operation, and a change of accommodation do not, of themselves, increase the size of the 
fat globules. 

Cows which developed body temperatures of 102-5 F. or over 


Samples were collected from twenty cows with elevated body temperatures. The effect 
of temperature was considered in the following temperature ranges: 104° F. and over, 
between 102°5 and 103-9°F., and 102-4° F. and under. For eight animals (group 1) 
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temperatures in all three of these ranges were recorded, and in the other twelve (group 2) 
temperatures in the 102-5-103-9° F. and the 102-4° F. and under ranges only were 
encountered. A record was made only if consecutive morning and evening body tempera- } 
tures were both in the same range. Details of the cows and the temperature groups are by. 
given in Table 3, and the results are recorded in Table 4. con 
ran, 
Table 3. Details of the cows with elevated temperatures from which milk samples The 
= ( 
were examined, and the number of records made 104 
Tr 
Number of records made in each sail 
temperature range at t 
=” 
cr m , 
04°F. = 102'5-—-102-4° F. hee 
Case no. Breed Age Disease condition or over 103-9° F. or under F 
Group 1 Teco 
2 Friesian First calf heifer Caesarian section 1 1 2 fat | 
4 Ayrshire First calf heifer Caesarian section 1 1 3 
7 Friesian First calf heifer Post parturient 1 1 3 feret 
pyrexia | of 
8 Ayrshire Cow Rumenotomy 2 wae 3 si 
10 Friesian Cow Rumenotomy 2 ] 3 tem) 
11 Ayrshire Cow Rumenotomy 1 1 1 102+ 
12 Ayrshire First calf heifer Abscess of the hock 1 1 3 | 
48 Friesian Second calf heifer Caesarian section 2 5 2 Teco: 
Group 2 the ¢ 
18 Ayrshire Cow Rumenotomy — 1 2 Fe 
19 Friesian Cow Rumenotomy — 1 2 
20 Ayrshire Cow Rumenotomy — 2 3 were 
21 Friesian First calf heifer Rumenotomy — 1 3 the f 
23 Friesian Cow Rumenotomy — 2 3 
25 Ayrshire Cow Rumenotomy — 2 1 the 1 
28 Friesian Cow Rumenotomy — 1 2 the 1 
49 Ayrshire Second calf heifer Eye extirpation— -- 4 4 
pus in orbit tem] 
50 Friesian First calf heifer Caesarian section = 2 2 the 1 
51 Friesian First calf heifer Caesarian section —_ 3 2 ° 
52 Friesian Cow Metritis — 1 1 grou 
53 Friesian Cow Acetonaemia — 1 1 
norm 
— : , that 
Table 4. The average milk yield, fat percentage and fat globule diameter from consecutive 
morning and evening milkings of the eight cows in group 1 and the twelve cows in 
group 2 
Temperatures of ss Thesi 
(1 (2) (3) yield 
104° F, 102-5— 102-4° F. Standard error lob 
or over 103-9° F. and under of means glopt 
Group 1 seems 
Average yield (Ib.) 11-2 16-3* 21-7* +11 in th 
Average fat content (%) 5-44 3-96 3-76 +0-32 findir 
Average fat globule 5-477 3-588 3-073 +0-398 - 
diameter () avera 
Group 2 a 
‘ 5 lame 
Average yield (Ib.) - 15-9* 20-8* +13 
Average fat content (%) -- 5-02* 4-29* +0-18 
Average fat globule a 3-720** 3:356** +0-143 
diameter (1) 
Differences in the means of columns | and 2 were all significant (P =0-01). The r 
* Differences in the means of columns 2 and 3 marked thus were significant (P =0-01). were | 


** Difference in the means of columns 2 and 3 marked thus was significant. (P =0-05). 
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DISCUSSION 


Yield. From Table 4 it can be seen that a rise in body temperature was accompanied 
by a fall in milk yield. In all animals of group 1, except in one when the yield remained 
constant, there was a rise when the high temperature dropped to the 102-5-103-9° F. 
range and, without exception, the yields rose again when the temperature became normal. 
The difference in the means between the yields when the cows’ temperatures were over 
104° F. and between 102-5 and 103-9° F., and the difference in the means when the tempera- 
tures were between 102-5 and 103-9° F., and 102-4° F. and under, were both significant 
at the 1% level. In group 2 (Table 4) every cow increased in yield when the temperature 
became normal, and the difference in the means was again significant at the 1% level. 

Fat. In six of the eight cows in group 1 (Table 4) the highest fat percentages were 
recorded while the temperatures were 104° F. or over, and in one of the two others the 
fat percentages were the same in this range and in the 102-5-103-9° F. range. The dif- 
ference in the means between the fat percentages at these two ranges was significant at the 
1% level. Also in six of these cows the lowest fat percentages occurred, while the 
temperatures were below 102-4° F., but the difference in the means between this and the 
102-5-103-9° F. range was not significant. In group 2 the highest fat percentages were 
recorded while the temperatures were over 102-5° F. in eleven of the twelve cows, and 
the difference in the means was significant at the 1% level. 

Fat globule diameters. In group 1 in all except one cow the highest fat globule diameters 
were recorded while the temperature was in the highest range, and in the one exception 
the fat percentage also differed in that it was greater in the lower range. The difference in 
the means between the 104° F. and over and the 102-5-103-9° F. range was significant at 
the 1% level. For seven of the eight cows the average diameter was lowest in the normal 
temperature range, and in the remaining cow the fat percentage was also greater than in 
the 102-5-103-9° F. range. The difference in the means, however, was not significant. In 
group 2 the lowest average diameters were recorded when the temperatures were in the 
normal range except in two cows, in one of which the fat percentage was also greater in 
that range. The difference was significant at the 5% level. 


GENERAL CONCLUSIONS 


These findings show that in the diseased cows, as the body temperature fell, the milk 
yield increased, while the fat percentage of the milk and the average diameter of the fat 
globules both decreased. Considering the results given in the survey of the literature, it 
seems probable that decrease in fat globule size is in some way associated with a decrease 
in the fat percentage of the milk, but the fact that this is not always so is shown in the 
findings detailed here. Thus in the cows without elevated body temperatures the raised 
average fat percentage was accompanied by a decrease in the average fat globule 
diameter, though neither of these changes was significant. 


SUMMARY 
The results of examining the fat globule size in milk samples from thirty-one cows which 
were in-patients in a Veterinary Hospital, have been recorded. Eleven of these cows did 
not develop a body temperature over 102-4° F., and samples collected on the second day 
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after admission and 5 days later were examined and compared. Although the rise in yield 
was significant, the differences in fat percentage and fat globule size were not. The other 
twenty cows developed raised body temperatures, and the association between body 
temperature and milk composition was considered in the following temperature ranges: 
104° F. or over, from 102-5-103-9° F., and 102-4° F. or below. The results showed that 
a rise in body temperature was accompanied by a fall in yield and also by an increase in 
the fat percentage and in the average fat globule diameter. 


The author wishes to thank Prof. J. G. Wright for allowing the work to be undertaken, 
Dr M. E. Castle for advice on the statistical interpretation of the records, Mr B. Burrows 
and other assistants at the Veterinary Hospital for taking the body temperatures of the 
cows and collecting the milk samples, and Miss J. Ashcroft for assisting with the labora- 


tory analyses. 
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617. VARIATIONS IN THE CAROTENE AND VITAMIN A CON- 
TENTS OF HERD BUTTERFATS THROUGHOUT LACTATION 


By A. K. R. McDOWELL 
The Dairy Research Institute (N.Z.), Palmerston North, New Zealand 


(With 2 Figures) 


The effect of breed, of a wide variety of feeds, and of supplementary feeding with carotene 
and vitamin A concentrates, on the vitamin A potency of the butterfat of the cow have 
been studied by various investigators. With the exception of the changes during the 
period of 7 or 10 days following parturition, however, little attention has been paid to 
the relationship of stage of lactation to the carotene and vitamin A contents of the 
butterfat. 

Gillam, Heilbron, Ferguson & Watson(1) showed that the carotene and vitamin A 
contents of the butterfats of individual cows of several breeds were increased markedly 
when the cows were transferred from barn to pasture some months after calving. 
Decreases which occurred later in the summer were thought to be due to drought condi- 
tions rather than to an end-of-lactation effect. They found also that for groups of six 
Shorthorn cows on the same diet, but at stages of lactation varying from 10 to 30 weeks 
after calving, there were only slight differences in the carotene and vitamin A contents of 
the butterfats. 

Singh & Mohammed @) studied the carotene and vitamin A contents of the milks of five 
Sahiwal cows during one complete lactation. The cows were fed on green berseem and 
green maize supplemented with a concentrate mixture of bran and cotton seed. The 
carotene content of the butterfat remained fairly steady throughout, the vitamin A 
after remaining steady for many months rose near the end and there was a sharp increase 
in vitamin A content at the very end of lactation, but this was not always accompanied 
by a similar increase in carotene content. 

Ray Sarkar (3), in a study of the seasonal variations in vitamin A potency of the butter- 
fat from the milk of Hariana cows, concluded that when the level of carotene ingestion 
remained the same there was little change in either carotene or vitamin A content as 
lactation progressed. 

Hibbs, Krauss & Monroe (4), in experiments with small groups of Jersey cows during the 
pasture-feeding seasons of a 3-year period, concluded that the carotenoid content of the 
butterfat was not affected markedly by the stage of lactation. The vitamin A, also, apart 
from the initial increase and the subsequent slight fall after the change to pasture feeding, 
showed only slight fluctuations throughout the remainder of lactation. 

Winzenried & Wanntorp6), with pairs of identical twins, found that the levels of 
carotene and vitamin A in the butterfat tended to fall towards the end of lactation. 

Stallcup & Herman(6) fed three cows of each of three breeds (Guernsey, Jersey and 
Holstein) continuously under dry lot conditions in which alfalfa hay was the principal 
source of roughage. The cows in each breed were paired with another three cows which 
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were at the same stage of lactation but which were turned on to pasture from April until 
the end of the trial in October. All breeds of cows on dry lot showed slight fluctuations 
both in carotene and vitamin A contents of their butterfats from week to week, but there 
was no significant trend over the experimental period. All breeds of cows in the pasture 
group, on the other hand, showed a marked increase in carotene content of the butterfat 
in April, apparently as a result of the change from barn to pasture feeding. Thereafter the 
carotene contents showed some fluctuations, but they were always considerably higher 
than the values for the butterfats of the paired group on dry lot. Vitamin A contents of 
the butterfats also increased for a time after transfer of the cows to pasture feeding, but 
they then levelled off and ran parallel to those for the same breed on dry lot. It is 
apparent from the evidence presented by these authors that stage of lactation had no 
effect on the carotene or vitamin A contents of the butterfat. 

Chanda (7), however, using three pure-bred Ayrshire cows, found that the carotene 
contents of butterfat remained constant between the fourth and fortieth week of lactation, 
but that the vitamin A content, following the initial decrease during the colostrum period, 
decreased slowly up to the thirtieth week after calving. From then onwards as the yield 
of milk fell the vitamin A content showed definite increases. It has been pointed out 
already by Kon & Henry(8) that although the cows in this experiment calved while on 
winter ration there is no mention in the paper of seasonal changes in feed during the 
lactation period. 

Barnicoat (9) and McDowell & McDowall (10) showed that there were seasonal variations 
in the carotene and vitamin A contents of New Zealand butterfats from factory butters. 
Barnicoat (9), however, found little variation throughout lactation in the vitamin A content 
of butterfats from small Jersey and Friesian herds in the Manawatu district of the North 
Island. 


SOURCE OF THE BUTTERFAT SAMPLES 


The butterfats from which the results for carotene and viatamin A in the present paper 
were obtained were drawn from a number of sources. 


(1) Groups* of cows, over a lactation period, in the Institute herd 


(a) Autumn-calving cows, 1945. There were eight pure-bred cows in a Friesian group 
and eight pure-bred and eight grade cows in a Jersey group. During the winter both 
groups were fed on the available pasture supplemented by silage and hay; and from early 
spring they were maintained under typical New Zealand grass-farming conditions with 
a plentiful supply of feed. Fortnightly, from June onwards, samples of milk from every 
cow in each group were mixed to give a group composite sample from which cream was 
separated for conversion to butterfat. 

(b) Spring-calving cows, 1945-48. In each dairying season of the years 1945-48 a 
group of eight Jersey cows was well fed before calving with a winter ration of pasture, hay 
and silage; and a paired group was kept on bare pasture for 10 weeks before calving, with 
supplementary but inadequate feeding of hay so that the animals lost condition throughout 
the period. Immediately after calving, in July or early August, both groups were placed 
on pasture supplemented by hay and silage, and thereafter for the whole of lactation 
were well fed under typical conditions. Once a week in the early stages and once a fort- 


* The cows were grouped primarily for nutrition trials in each year. 
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night for the remainder of lactation samples of night and morning milk from each cow 
were bulked to give a group composite sample. This was separated into cream from which 
the butterfat was extracted as described below. Sampling did not commence until at 
least 14 days after parturition of the latest calving cow in the group—thus high carotene 
and vitamin A values due to the inclusion of colostral or post-colostral fat were eliminated. 

(c) Spring-calving (identical twin) cows, 1951-54. The cows were from 2 to 5 years old 
at time of calving and were predominantly Jersey in breed. In the 1951-52 season seven 
sets of twins were run together on a uniformity trial, in which all cows were well fed 
before and after calving. In the 1952-53 and the 1953-54 seasons nine sets of twins were 
used in a nutrition experiment for 10 weeks before and 6 weeks after calving. All cows 
were then well fed for the remainder of lactation. The milk of each cow was sampled night 
and morning for three consecutive days each fortnight. The mixed night’s and morning’s 
milk was separated and the daily cream from each cow was bulked for the 3 days to give 
a sample for the preparation of butterfat. 


(2) Factory butters 
These samples were forwarded fortnightly to the Institute over the period 1945-48 
from the factory of the Kairanga Co-operative Dairy Company. The cream-collecting 
district of this factory is within 10-15 miles of this Institute, and is therefore subject to 
the same seasonal conditions as the Institute farm. (The values for 1946-48 were those 
from this factory used in the earlier survey of carotene and vitamin A contents of New 
Zealand butterfat (10).) 


EXPERIMENTAL 


Preparation and analysis of butterfat samples. The cream samples from the Institute 
farm were held overnight before churning to butter in the laboratory (11). Butterfats from 
these butters and from the factory samples were prepared by melting and decanting (12). 
Carotene and vitamin A were estimated by the methods previously described (10,12). 


RESULTS 
(1) Autumn-calving cows, 1945 


Since the results within the Friesian and Jersey groups were fairly uniform for the two 
(or three) sampling days in each month the figures have been averaged to give monthly 
results for each group (see Table 1 and Fig. 1). 


Table 1. Average monthly carotene and vitamin A contents of the butterfat samples 
from Friesian and from Jersey herds of cows calving in autumn (April-May) 1945 








Carotene content (yg./g.) Vitamin A content (yg./g.) 
| Sapa ~ ~ € “ *% 
Month Friesian Jersey Friesian Jersey 
June V7 9-8 11-4 8-5 
July 8:3 11-1 12-1 8-4 
August 11-2 12-3 10-8 7:8 
September 9-3 12-0 11:3 7-9 
October 9-0 11-7 10-3 7-6 
November 9-3 10-9 11-8 8-2 
December 76 9-4 11-4 75 
January 71 9-0 12-4 8-0 
February TA _ 11-8 — 
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The Friesian butterfats had a lower carotene content and a higher vitamin A content 
than the Jersey butterfats, in agreement with the earlier findings of Barnicoat (9) and of 
other workers. Despite these breed differences, however, the carotene content showed 
similar trends for the two herds with relatively low values in June-July rising to a maxi- 
mum in August when the first spring growth appeared in the pasture, and declining slowly 
to a minimum at the end of lactation in January or February. The vitamin A contents of 
the butterfats fluctuated somewhat for both herds but there is no indication of any 
definite trend with progress of lactation. 





x---x Autumn-calving herd (Friesian) 1945 o——° _ Spring-calving herds (Jersey) 1945-48 
Brereee * Autumn-calving herd (Jersey) 1945 *——- Factory samples (1945-48) 


Vitamin A content (ug./g.) 











Carotene 








Carotene content (yug./g.) 


x” 
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Fig. 1. Average monthly carotene and vitamin A contents of the butterfat samples from Friesian and from 
Jersey herds calving in autumn (1945), from Jersey herds calving in spring (1945-48) and from factory 


butters (1945-48). 


(2) Spring-calving cows, 1945-48 

There was no evidence that underfeeding before calving in comparison with normal 
feeding had any effect on the carotene and vitamin A contents of the butterfats. Results 
for the two or three sampling dates in each month also were fairly uniform. The results 
for both groups for each month have therefore been averaged (see Table 2 and Fig. 1). 

The carotene contents of the butterfats were relatively high from August to November 
and a maximum value for the season was attained during this period. From November 
onwards there was a decline in carotene content to low values, which persisted from 
January to March or April. The vitamin A contents tended to decline from August to 
December in each year and then, with the exception of 1945-46 when there was a rise, 
remained at a constant value until the end of lactation. Slightly lower values for the 
vitamin A in the summer of 1947-48 (November to March) compared with the values 
for the two previous summers may be due to the drought conditions which prevailed. 
although the carotene content of the samples apparently was not affected by such 
conditions. 
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Table 2. Average monthly carotene and vitamin A contents of the butterfat samples 
from Jersey herds (spring-calving) over the period 1945-48 





Carotene content (yg./g.) Vitamin A content (ug./g.) 
oe A 

SS ™” ( ~ 
Month 1945-46 1946-47 1947-48 1945-46 1946-47 1947-48 
August 12-4 10-1 — 8-2 9-0 — 
September 12:3 10-2 11-5 8-4 8-4 8-0 
October 12-5 12:1 12-8 7-2 8-3 77 
November 11-7 13-2 12-4 79 7-9 6:5 
December 10-9 10-2 9-3 7-6 7-2 6-7 
January 9-5 8-0 9-6 8-5 8-2 6:4 
February 10-0 8-5 8-4 9-5 7-4 6-7 
March 9-5 8-3 9-5 8-6 7:0 6-5 
April 12-2 8-6 9-0 8-4 7:7 7-2 


(3) Spring-calving (1dentical twin) cows, 1951-54 

Underfeeding before or after calving apparently had little effect on the carotene and 
vitamin A contents of the butterfats, and the values for any one pair of twins were nearly 
always uniform—often remarkably so—for any one sampling date. (Intervals of as long 
as 2 or 3 months between the calving dates of a twin pair apparently had little effect on 
this uniformity in value.) Again, although the range of values for carotene and vitamin A 
for all pairs of twins on any one sampling date was quite large, the trend in values for any 
one season was very similar. Accordingly, the results for all samples have been averaged 
to give monthly values (see Table 3 and Fig. 2). 
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Fig. 2. Average monthly carotene and vitamin A contents of the butterfat samples from twin 
cows calving in spring (1951-54). 


Seasonal trends in carotene content were similar to those for Jersey herds during 
1945-48, with maximum in spring and minimum in summer. Vitamin A values again 
showed a slight fall between September and December although, with this exception, 
there was little evidence of any change until March or April. The increase from then on 
until the end of lactation in May was very marked. 

References to high carotene and vitamin A contents of butterfats persisting from 4 to 

8-2 
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8 days after parturition have been cited in the previous paper(10). The results for two 
pairs of twin cows given in Table 4 show that high values may persist for as long as 10 or 
12 days after calving. Values for butterfats from milk sampled less than 14 days after 
parturition therefore are not included in the calculation of monthly averages. v 
1 
os d 
Table 3. Average monthly carotene and vitamin A contents of the butterfat samples , 
from twin cows (spring-calving) over the period 1951-54 Ki 
Carotene content (yg./g.) Vitamin A content (yg./g-) ai 
a : A : 
Month 1951-52 1952-53 1953-54 1951-52 1952-53 1953-54 
August 11-4 _ 11-0 8-2 _ 8:3 
September 10-9 10-9 11-5 8-1 (0) 8-1 
October 10-1 10-9 11-1 7-2 6-6 8:3 
November 9-4 10:7 9-9 6-8 6-9 7-1 V 
December 8-0 9-7 8-5 7:6 7:3 7-2 
January 75 8-2 6-9 75 6-1 7-2 fo 
February 7-6 7-6 6-2 7-4 7:4 6:8 
March 76 9-0 6-7 8-7 6-6 7:6 ca 
April 8-0 10-2 8-4 9-2 7-2 9-3 m 
May 9:3 9-9 95 9-9 10-0 10-7 
as 
a al 
Table 4. Changes in the carotene and vitamin A contents of the butterfat samples from Pa 
two pairs of twin cows during early lactation bes 
Cow no.* (49) (50) (67) (68) oc 
Calving date 27. ix. 53 14, ix. 53 2. viii. 53 5. vili. 53 ab 
First sampling 
Dates of sampling 4-7, x. 53 4-7. x. 53 10-13. viii. 53 = 10-13. viii. 53 
Days after calving 7-10 20-23 8-11 5-8 fol 
Carotene content of butterfat 9-0 7-6 17-7 39-0 
sample (ug./g.) CO] 
Vitamin A content of butterfat 11-2 10-0 8-2 24-3 du 
sample (ug./g.) 
cal 
Second sampling 
Dates of sampling 18-21. x. 53 18-21. x. 53 24-27, viii. 53 24-27. viii. 53 wh 
Days after calving 21-24 34-37 22-25 19-22 irr 
Carotene content of butterfat 77 6-8 13-0 13-6 , 
sample (yg./g.) ran 
Vitamin A content of butterfat 9-5 9-8 8-8 8-8 s 
sample (yg./g.) sea 
* Twin pairs are (49) (50) and (67) (68). 
Table 5. Average monthly carotene and vitamin A contents of the butterfat samples 
from factory butters over the period 1945-48 : ! 
Carotene content (ug./g.) Vitamin A content (yg./g.) 
aaa te \ c oe \ a 
Month 1945-46 1946-47 1947-48 1945-46 1946-47 1947-48 pos 
June 10-7 10-7 10-1 10-0 10-9 9-7 b 
July 125 12-1 10°7 10-0 12-2 10-7 ut 
August 12-9 13-7 12-0 11-6 113 113 The 
September 11-8 11-8 10-8 10-0 10-8 9-3 
October 11-8 12-5 10-6 8:3 8-9 1-7 tha 
November 10-1 11-1 10-7 75 7:8 71 fror 
December 9-0 9-4 8-7 7:3 7-0 6-7 a 
January V7 7:8 6-5 75 71 6-7 In a 
February 7-4 7:3 6-3 8-5 7:0 6-9 colc 
March 7:3 71 6°8 8-0 7:0 71 
April 9-1 7-6 6-9 8-4 8-3 8-6 
May 10-4 8-6 7:8 9-9 9-6 10-6 ilk 
June — — 10-8 _— — 11-0 Islan 
aR 
, 
so 
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(4) Factory samples 


Results for both carotene and vitamin A content of factory butterfats showed little 
variation for the two or three sampling dates in each month and have been averaged (see 
Table 5 and Fig. 1). The curves in Fig. 1 are similar in pattern to all those for North Island 
districts (see Figs. 2A, B, McDowell & McDowall (1o)). The effect of drought during the 
summer of 1947-48 (November to March) is shown by the lower carotene and vitamin A 
contents during these months in comparison with those for normal summers (see (10), p. 96 


and fig. 5). 


DISCUSSION 
(1) Results for herd samples 


Variations in the carotene contents of the butterfats from the spring-calving cows 
followed a similar pattern in each season over the years 1945-48 and 1951-54. The 
carotene values for both the Friesian and Jersey autumn-calving herds also rose to a 
maximum in the spring, and then showed a similar decline to low summer values. Thus, 
as there is no evidence of a lack of carotene in the diet (10,13), it appears that the ‘avail- 
ability’ of the carotene (13) in the first spring growth in August-September and the ‘non- 
availability’ of the carotene in the summer pasture are the causative factors of high and 
low carotene values in the butterfats at these seasons. The rise in carotene content which 
occurs from March onwards in some years appears also to be due to the greater ‘avail- 
ability’ of carotene in autumn pastures and not to an end-of-lactation effect. 

Vitamin A values for butterfats from the herds in all years show only minor fluctuations 
for most or for all of the period of lactation. This consistency in vitamin A content in 
comparison with the fluctuations in carotene content was explained by Hibbs et al. (4) as 
due to the storage of vitamin A in the liver and to the influence of the conversion of 
carotene to vitamin A. The steep rise in vitamin A content of the spring-calving herds 
which occurs in March and April in some years is typical for all the cows in the herd 
irrespective of the month of lactation (calving dates for the cows in these years (1951-54) 
ranged from July to October). The indications are, therefore, that the rise is due to 
seasonal conditions and not to a lactational effect. 


(2) Comparison of results for herd and for factory samples 


A comparison of the curves for the carotene contents of the Jersey herd and the factory 
butterfats* (see Fig. 1) shows not only that the factory values are higher in August, but 
that maximum factory values occur during this month presumably due to inclusion of 
post-colostral fat (see vitamin A, below). Values are maintained fairly well in the factory 
butterfats until October or November, probably because of the effect of spring pastures. 
The decline in the carotene content from then on is more marked in the factory samples 
than in the Jersey herd samples. The rise which occurs in all North Island factory samples 
from March or April onwards probably is due, first to the increased availability of carotene 
in autumn pasture and then, in June and July, to the inclusion of a proportion of post- 
colostral fat (see below). 


* The proportion of Jerseys in the total number of cows supplying cream to this factory (and to all North 
Island butter factories) was very high—approximately 80%. 
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Vitamin A contents in the factory butterfats are at a maximum in August of each year, 
and are much higher than in the butterfats from the autumn-calving Jersey herd (1945) 
during June and July, and from all Jersey herds during August and September (see Fig. 1). 
McDowell & McDowall (10) concluded that these high factory values could not be due to 
inclusion of post-colostral fat. They quoted figures for percentages of cows calving during 
the early spring months to show that the vitamin A values should fall as the proportion 
of the number of newly calved cows to total number of cows decreased during July and 
August. Figures showing the proportion of cows under Group Herd Test* calving each 
month in the North Island, and also the amount of butterfat received for manufacture 
each month at North Island factories, are presented in Table 6. A large proportion of the 
butterfat received in June apparently is from cows calving late in the previous season, 
because the amount is greatly in excess of the calculated production from the total number 
of cows calving during this month. Thus the proportion of post-colostral fat in factory 
butterfat is not at its maximum until late in July or in August. This coincides with the 
period of maximum values for vitamin A content in factory butter. By September, when 
the percentage of newly calved cows is considerably less, vitamin A values are decreasing. 
From October onwards the proportion of post-colostral fat would be very small and would 
have little effect on the vitamin A content. 


Table 6. Percentage of cows tested by Dairy Herd Improvement Association in the North 
Island, calving during the winter and spring months compared with monthly receipts 


of butterfat for manufacture by North Island dairy factories 
Butterfat received 


Percentage of yearly Cumulative by factories 
Month number of cows percentage (million lb.) 
May 0-8 — 10-5 
June 2:7 3-5 3-2 
July* 23-6 27:1 5-0 
August 41-6 68-7 18-4 
September 17-1 85:8 31-7 
October 8-1 93-9 43-5 
November 3-6 97-5 46-9 
December 1:3 98-8 46-9 


* The number of cows calving over the period 16-31 July is more than twice that for the period 1-15 July. 


In October the factory values and the herd values are very similar and show only small 
differences for the remainder of the herd lactational period. The rise in factory values 
during April and May of each year might be due to an end-of-lactation effect. It is more 
likely, however, that the rise is similar to that which occurs in some years in the herd 
butterfats and is related to autumn pasture conditions. 


SUMMARY AND CONCLUSIONS 


The carotene and vitamin A contents of the butterfat from the milk yielded by the cow 
in early lactation may be higher than normal for a period of up to 10 or 12 days after 
parturition. 


* Cows under Group Herd Test represent approximately 25% of all cows in the North Island. It seems 
probable that dates of calving for untested herds are, on the average, slightly later than for tested herds. Thus 
the percentage figures shown in Table 6 would, if they were representative of all North Island herds, be slightly 
lower from May to the middle of August and slightly higher from then onwards. 
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Seasonal changes in carotene content of butterfat from small herds of cows were 
governed almost entirely by the availability of carotene in the pasture and not by 
lactational influences. 

Seasonal changes in vitamin A content of the herd butterfats were relatively small 
during most or all of the lactational period. In certain years an increase in the vitamin A 
content during the autumn months was probably due to seasonal conditions and not to 
a Jactational effect. 


The author wishes to thank Misses I. E. Cleaver and M. M. Sherlock for assistance with 
the experimental work; Mr C. J. Baker for drawing the graphs, and Dr F. H. McDowall, 
Chief Chemist to this Institute, for helpful advice and criticism. 
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618. HOST-PHAGE RELATIONSHIP OF CHEESE STARTER 
ORGANISMS 


I. INTERACTION OF PHAGE RACES WITH A STRAIN OF STREPTOCOCCUS 
LACTIS AND ITS LYSOGENIC AND RESISTANT DERIVATIVES 


By J. CZULAK anp JILL NAYLOR* 
Dairy Research Section, C.S.I.R.O., Melbourne, Australia 


INTRODUCTION 


The necessity for elaborate precautions against phage infection when phage-susceptible 
starters are used in cheese manufacture has led several workers to experiment with the 
use of phage-resistant organisms. Hunter & Whitehead (1) used a strain which was phage- 
carrying but not lysogenic. They found that it tended to lose the associated phage, and 
that eventually the strain was attacked by a new phage race. In recent trials by Dery- 
abina(2) in the U.S.S.R., and by Meanwell & Symons(3) in England, resistant cultures 
were also ultimately lysed by new phage races. Although Reiter (4) found that some strains 
of Streptococcus cremoris were lysogenic, and Pette() considered that some symbiotic 
associations of lactic streptococci and phages closely resembled the lysogenic state, the 
use of lysogenic strains as cheese starters has not, as yet, been reported. 

Having prepared a lysogenic strain from one of our cultures it appeared desirable to 
follow its behaviour as a starter in a commercial factory. We thought further that by 
addition of susceptible cells on every subculture it might prove possible to maintain the 
phage-carrying capacity of the culture indefinitely. These experiments led to further 
related observations, in the factory as well as in the laboratory, which bear on the funda- 
mental problem of bacterium-bacteriophage relationship of cheese starter organisms. 
Observations on lysogeny and resistance to phage are reported in Part I of this paper. 
The effect of lysis of a susceptible culture by homologous phage races on a non-susceptible 
strain will be dealt with in Part II. In Part III the importance of these observations in 
the maintenance of cheese-starter cultures in commercial use will be discussed. 


EXPERIMENTAL 
Sequence of changes in the culture 
Preparation of lysogenic strain 
A strain of Streptococcus lactis C10 (isolated from culture 708, obtained from United 
Dairies Ltd., London) was selected because of its high activity and its susceptibility to 
a narrow range of phage races. This strain was used in rotation with other single strain 
starters in cheese factory L. A phage race c10-I was isolated from the whey from this 
factory. It was purified in the usual manner as a whey filtrate. 
A secondary growth culture in litmus milk was obtained by lysing strain C10 with 
decimally decreasing concentrations of phage c10-I. Only tubes with added phage dilu- 


* Present address: National Institute for Research in Dairying, University of Reading: 
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tions 10-5 and higher showed evidence of slight growth on prolonged incubation, the tubes 
with added neat phage preparation or dilutions up to 10~ yielding no growth at all. To 
obtain a secondary growth culture from the slight growth, usually found at the bottom of 
the tube, transfer to a fresh tube of litmus milk was necessary. 

After fifteen transfers in litmus milk three of the cultures so obtained still carried 
phage c10-I. Their activity was somewhat less than that of the parent strain C10. The 
most active culture was then plated and of the twenty colonies picked eighteen yielded 
cultures carrying phage c10—I. The most active of these was replated. Most of the cultures 
grown from single colonies from this replating still carried phage cl0-I. One of them, 
designated C10-I, was selected for further study. 


Morphological and physiological changes 

The lysogenic strain C10-I differed from culture C10 morphologically, showing a pro- 
nounced tendency to chain formation in liquid media. In broth its growth sedimented 
unevenly, forming vertical drifts on the sides of the tube. These peculiarities have per- 
sisted to the time of writing. The parent strain C10 showed equally high activity in raw, 
pasteurized and sterile milk. Strain C10-I and subsequent forms derived from it, whilst 
retaining high activity in sterile milk, were relatively inactive in pasteurized milk, thus 
resembling the inhibited strains described by Czulak & Meanwell (6) and Jago(7). 


Isolation of second phage and preparation of resistant culture 


Culture C10-I was introduced as a starter in cheese factory L. At every subculturing of 
C10-I in the cheese factory, 10°% of culture C10 (susceptible) was added to ensure a high 
concentration of free phage C10-I. This might hinder rapid reversion of the starter 
culture to the susceptible state, and could conceivably give protection against a related 
phage. 

On the fifth consecutive day of its use in the vat culture C10-I failed to produce 
sufficient acid. A whey sample from this vat yielded a phage race capable of lysing 
cultures C10 and C10-I. This phage race was designated ¢c10-II. 

Following lysis of C10-I by phage c10-II in the laboratory, difficulty was again 
experienced in securing viable secondary growth. By repeating the procedure already 
described for phage c 10-I, a culture was obtained which proved resistant to phage c 10-II. 
This culture was designated C10-I/II. Neither this culture, nor several others similarly 
produced, were found to carry phage c10-II, although they still carried phage c10-I. 
This could be easily demonstrated at this stage by spotting these cultures on plates 
swabbed with culture C10 and C10-I. 

As before, an active variant of culture C10-I/II was used in factory L as a cheese 
starter. At this stage the practical aim of the investigation—the development of a cheese 
starter not susceptible to phage attack—still remained. Since phage c10-II was not 
carried by the culture no susceptible cells were added on subculturing. However, to allow 
the starter opportunity to interact and perhaps rapidly come into equilibrium with any 
new phage races, this starter was propagated without the customary precautions to 
exclude airborne phage infection. It was used successfully in the same vat day after day 
for a period of 8 months when manufacture of cheese in this factory was discontinued. 
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After forty-five subcultures in the factory the activity of strain C10-I/II rose sharply, 
and at the same time it became difficult to demonstrate by the usual tests the lysogenic 
character of this culture. Apparently the concentration of free phage c 10-I in this culture 
had decreased substantially. A parallel culture carried in the laboratory showed very 
similar behaviour. 


Isolation of third phage and preparation of resistant culture 

After manufacture ceased in factory L culture C10-I/II was transferred to factory G 
where the same procedure was followed. 

On the 10th day of its use this culture failed partially in the vat. From the whey a 
phage race was isolated which was found to lyse cultures C10, C10-I and C10-1/II. This 
phage race was designated c10-III. Lysis by this phage race was followed by rapid 
secondary growth, irrespective of the dilution of the phage applied. 

Secondary growth obtained by lysing culture C10-I/II with phage c10-III was desig- 
nated C10-I/II/III. As will be shown, this culture remained lysogenic with respect to 
phage c10-I but was only resistant to phage races c10-II and ¢10-III. 


Confirmation of lysogenicity 

Demonstration of phage carrying by a culture is relatively easy since the concentration 
of free phage in such a culture is sufficient to show plaques on swabbed agar plates or 
a reduction in the rate of acid production in milk when even a small loopful is applied on 
to a sensitive (indicator) strain. With a truly lysogenic culture these tests are often 
negative, presumably because of insufficient free phage at the time of testing. 

By applying the method of induction used by Lwoff, Simonovitch & Kjeldgaard (8) and 
Lwoff @), a lysogenic culture can be forced to yield phage, the presence of which can then 
be demonstrated. In our experiments induction was carried out by exposing plates, 
swabbed with the indicator strain and spotted with the culture to be tested, to ultra- 
violet light for 15 sec. at 50 cm. distance. The lamp used was of the ‘Oliphant’ type with 
24 in. tube of low-pressure mercury vapour and maximum emission at 2537 A. Table 1 
summarizes the results of the induction tests carried out 18 months after the preparation 
of culture C10-I. 


Table 1. Lytic activity of cultures after ultra-violet induction 
Cultures tested 


A 





ai \ 
Indicator strain C10-I €10-1/II C10/1/11/1II 
C10 Lysis Lysis Lysis 
C10-I No lysis No lysis No lysis 
C10-1/II No lysis No lysis No lysis 
C€10-1/11/1I1 No lysis No lysis No lysis 


The halo phenomenon 


Phage races c 10-I and c10-II showed gradually spreading haloes around their plaques, 
a phenomenon described for coliphages by Gratia (10), and very similar to the one reported 
for lactic phages by Pette (5). This worker brings evidence to show that the haloes are due 
to a bacteriolytic enzyme produced during lysis of the cells by phage. Phage c10-III, in 
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spite of trials with different media at various temperatures, showed no haloes. The reac- 
tions of the phage races with the cultures are shown in Table 2. 

It was also observed that when an unfiltered broth culture of C10, lysed by phages 
c10-I or c10-II, was spotted on to a plate swabbed with cultures of C10-I, C10-I/II or 
(10-1/II/III complete or partial lysis could be seen. 


Table 2. Reactions of phage races with the parent strain and its derivatives 





Phage races 
Tsien ae bi 
Bacterial strain c10-I c10-II e10-III 
C10 Plaque + halo Plaque + halo Plaque 
C10-I —- Plaque + halo Plaque 
C10-1/I1 — —_ Plaque 


€10-1/I1/111 on in im 


Cross ‘protection tests 


Additional cultures were prepared by subculturing secondary growth after lysis of 
culture C10 by each one of the three phage races separately. In each case the secondary 
growth cultures, designated C10-I, C10/II and C10/III respectively, showed complete or 
partial resistance to the corresponding phage but no resistance to the other two phage 
races. In most cases on continued subculturing in milk these cultures carried the phage 
for several days to several weeks. No other lysogenic cultures were obtained. 


DISCUSSION 
Lysogenic character 


In the preparation of culture C10-I the carried phage c10-I was not eliminated by single 
colony isolation from agar plates. Phage c10-I persisted in this culture through its sub- 
sequent lysis by two other phage races. After an initial period in which a relatively 
large concentration of free phage was evident in the culture and the activity of the culture 
was depressed, a stable stage was reached in which free phage could not always be detected 
readily unless ultra-violet induction was applied. In this stage phage c10-I would appear 
to have existed in the bacterial cells in the form of a pro-phage as postulated by Lwoff & 
Gutmann(l). Culture C10-I thus appears to satisfy the accepted criteria for a truly 
lysogenic strain. 

The character and relative stability of phage-induced changes cannot always be pre- 
dicted. Lysis of the same culture by the same phage when repeated under the same 
conditions gave rise to a variety of forms of secondary growth which were phage-carrying 
for various periods. Only once was a lysogenic strain obtained. In the lysogenic state 
culture C10-I was protected from phage c10-I but not from phages c10-II or ¢10-III. 
Similarly, cultures C10/II, and C10/III resistant to phages c 10-II and c 10-III respectively 
were susceptible to phage c10-I. Immunity against any one of the three phage races did 
not protect the culture against either of the remaining two phage races. It would, there- 
fore, be reasonable to infer that the three phage races were unrelated. This is further 
supported by the behaviour of culture C10-I in the cheese factory. The maintenance of 
a high concentration of free phage c10-I by addition of susceptible cells provided little 
or no protection against attack by phage c10-II. 
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Origin of resistant strains 


If one accepts the view of Luria & Delbriick (12) that the resistant growth springs from 
mutant cells constantly arising in the culture even before lysis, one has to assume that 
culture C10 originally contained at least the following types of mutants: (a) resistant to 
one and susceptible to the other two phage races; (b) resistant to two phage races and 
susceptible to the third phage; (c) resistant to all three phage races. The three derivatives 
of culture C10 would then have arisen from the step-by-step elimination of the susceptible 
cells by the three phage races as shown diagrammatically. 


C10 
susc. I res. I (strain C 10-1) 
suse. II res. IT (strain C 10-I/II) 
suse. IIT res. III (strain C 10-1/I1/ITT) 
Note: suse. I, II or III and res. I, If or [1] =susceptible or resistant to phages c10-I, 


e10-II and c10-III respectively. 


It is reasonable to expect that additional phage races would in turn make it possible to 
select other resistant forms. 


Phage-host interactions in nature 

When the derived forms are stable, as in the case of cultures C10-I, C10-I/II and 
C10-I/IL/III, they could be considered, were their history unknown, as different strains, 
since in addition to their different phage reactions they show morphological and physio- 
logical differences. In fact, they are but mutant forms of one strain. 

From a pattern of phage reactions and certain morphological similarities Hunter (13) 
assumed that several of his strains had a common parent in strain HP. Nichols & Hoyle (14) 
grouped strains in types according to their phage reaction patterns. It appears probable 
that in both cases these partly related strains could have arisen in nature by a process 
similar to the one we have carried out in the laboratory. 

One can further extend this concept. Since phage races are widely distributed their 
random interactions with bacterial populations in nature must create a dynamic state, 
whereby divers forms—susceptible, resistant, phage-carrying and lysogenic—are constantly 
arising and changing. Changes can proceed in both directions since reversion to suscepti- 
bility and loss of phage-carrying capacity have been often observed (1,3, 13). 


The halo phenomenon and secondary growth 


The survival of secondary growth is uncertain in the case of phages producing the halo 
phenomena. Our observations support the view of Pette() that the phenomenon is due 
to a lytic principle, which we will term lysin, distinct from phage but accompanying its 
action. This will be fully discussed in Part II, and only some of its effects will be con- 
sidered here. Haloes were found only with phages c10-I and c10-II. Secondary growth 
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after lysis by either of these two phages was difficult to obtain. This growth (cultures 
C10-I and C10-II), although found resistant to a Seitz-filtered preparation of the par- 
ticular phage, was lysed by an unfiltered preparation. It will be shown in Part II that on 
Seitz filtering the potency of the lytic principle is either lost or reduced. Also, in con- 
formity with Pette’s finding (5), the lysin is found to attack strains not susceptible to the 
phage. All this suggests that when a halo-producing phage lyses a culture, the lysin 
produced may destroy the mutant cells which would otherwise give rise to a secondary 
growth. This would explain why transplanting to fresh medium, away from the lysin, 
permitted secondary growth to develop. It should be noted, however, that secondary 
growth did in a few instances develop quite readily, although it was later shown to be 
susceptible to the lysin. 

Phage c10-III showed no haloes, and its unfiltered lysate of culture C10 had no effect 
on resistant culture C10-I/II/III. Secondary growth was easily obtained, and as will be 
seen in Part II, lysates by this race had no lytic effect on a heterologous strain. It is 
therefore evident that the power to produce a lysin responsible for the halo phenomenon 
rests with the phage race and not with the bacterial strain. 


SUMMARY 


A lysogenic culture, prepared in the laboratory from a strain of Streptococcus lactis, was 
used as a cheese starter in commercial factories. It was attacked in turn by two other 
unrelated phage races. The lysogenic condition, which involved slight morphological and 
physiological changes, persisted in the subsequent forms resistant to one or both the new 
phage races. Acquired resistance to any one of the three phages did not protect the culture 
from the other two phages. 

In nature such interactions between phage races and lactic acid bacteria must be 
constantly taking place, giving rise to similarly related strains. 

Two of the three phage races produced spreading haloes around their plaques due to 
a lysin released during phage action. The lysin may also interfere with the survival of 
secondary growth after attack by these phage races. Production of this type of lysin is 
thus a property of the phage race and not of the bacterial strain. 
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619. HOST-PHAGE RELATIONSHIP OF CHEESE STARTER 
ORGANISMS 


II. EFFECT OF PHAGE ACTIVITY ON HETEROLOGOUS STRAINS 
OF LACTIC STREPTOCOCCI 


By JILL NAYLOR* anp J. CZULAK 
Dairy Research Section, C.S.I.R.O., Melbourne, Australia 


In Part I of this work it was reported that in disrupting a susceptible bacterial strain 
certain phage races produced a lysin, and the effect of this on the homologous strains was 
discussed. Pette(1) had studied a similarly produced lysin, and found that it was capable 
of lysing other bacterial strains immune to the phage itself. 

It was observed, during a study of compatibility of lactic streptococci, that in the 
presence of culture C10 and phage c10-I, a heterologous culture C1 (Streptococcus 
cremoris) was lysed. This effect resembled the nascent phage phenomenon reported by 
Evans (2) and Anderson & Meanwell (3), and studied by Collins (4) and Whitehead, East & 
McIntosh (5). It also resembled the inhibition by some phage races of heterologous strains, 
described by Whitehead, Hunter & Cox (6). Further studies were undertaken to determine 
the relationship of the effect to these earlier observations, and to determine the extent, 
if any, to which the production of lysins during phage action was responsible. 


EXPERIMENTAL 
Cultures and phage races 


In addition to cultures C10, C10-I, C10-I/II and C10-I/II/III and phage races ¢10-I, 
c10-II and c10-III described in Part I, a strain of Str. lactis DR 4 reacting to these phage 
races, and an unrelated strain of Str. cremoris, C1, and its homologous phage cl, were 
used. 

Phage preparations were made by lysing the homologous strain in sterile skimmed milk, 
precipitating the curd with lactic acid and slight warming, then, after decanting, 
neutralizing the whey with NaOH and Seitz filtering. 


Preliminary tests 

It was observed that acidity did not develop when phage c10-I or phage c10-II was 
added to a mixture of strains C10 and C1 in sterile milk. Microscopic examination showed 
no organisms, both homologous and heterologous strains having been completely lysed. 

When unfiltered lysates of culture C10 by phages c10-I or c10-II were spotted on to 
plates swabbed with cultures C1, C10-I, C10-I/II and C10-1/II/III, lysis was observed 
even where the culture was resistant to the particular phage. It was found, however, that 
undiluted high-titre Seitz filtered preparations of the phage races attacking strain C10 
had no effect on strain C1 on agar or in milk or broth. 


* Present address: National Institute for Research in Dairying, University of Reading. 
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All attempts to isolate a phage capable of lysing strain C1 from mixtures of strains 
C10 and C1 lysed by phages c10-I and c10-II were unsuccessful. Spots of strain C10 on 
plates swabbed with strain C1 caused no lysis or inhibition even after exposure to ultra- 
violet light. The presence of strain C1 during lysis of C10 by phage c10-I or c10-II did 
not increase the phage titre. 

Adsorption tests were carried out by inoculating tubes of tryptone yeast extract broth 
with known numbers of bacterial cells and phage particles, holding at 30° C. and sampling 
at 15 min. intervals. The samples were centrifuged and the phage titres of the supernatant 
broth determined by plating by the double-layer technique. A comparison of the titres 
showed adsorption of phage c10-I by culture C10 but no adsorption of phage c10-I by 
culture C1, whilst the control of phage alone remained constant. 


Preparation of potent lysins 


Since the absence of the lytic principle in Seitz-filtered preparations could have been 
due to adsorption on the filter, a technique was developed to obtain a more potent solution 
of the lytic principle in the hope that this would counterbalance any such adsorption. 
A sterile preparation was desirable so that the lysin could be stored and used over a 
period for comparative tests. 

Flasks containing 100 ml. of sterile tryptone yeast extract broth were inoculated with 
2 ml. of a broth culture of C10, followed by 0-5 ml. of phage, and incubated at 30° C. 
When, as a result of lysis, the broth became clear, 1 ml. of a heavy suspension of C10 cells 
was added, followed after lysis by another dose of cells. This procedure was carried on for 
8 hours, when a last dose of cells was added and the whole incubated overnight. In all 
3°5 ml. of the suspension of bacterial cells was used with each of the phages c10-I and 
c10-II, whilst, on account of protracted lysis, only 1-5 ml. was used with phage c10-III. 

Samples of the lysates were then removed and the remainder Seitz filtered to ensure 
sterility. 

Titres of phage and lysin 

The titres of the above preparations were determined both before and after Seitz 
filtration. Phage titres were estimated in litmus milk using 1 % inoculum of culture C10 
and | ml. of each of the decimal dilutions of the lysate. The lysins were titrated by spotting 
loopfuls of the appropriate dilution on a swabbed plate of C1. The lysin and phage titres 
expressed as reciprocals of the dilutions are shown in Table 1. The lysin titres after 
filtration compared favourably with those of unfiltered one-step lysates in broth, which 
were 4 or 8 for lysin c10-I and ¢10-II, whilst lysates c10-III had no activity. 


Table 1. Titres of phage and lysin in potent lysates 











Titre 
¢ in : 
Before Seitz filtration After Seitz filtration 
Preparation / be ; ws ‘ 
assayed Phage Lysin Phage Lysin 
Lysate of c10 by 

c10-I 10° 32 10° 8 
e10-II 10° 64 10° 8 
e10-III 10° 0 10° 0 


The filtered lysates lost their lysin but not their phage activity after 5 days at 30° C., 
but retained their activity for several months when stored in a refrigerator. 
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Relationship to halo phenomenon 


It was clear from these results that even the potent lysate of culture C10 by phage 
c10-III was not active against culture C1. In Part 1 of this work it was reported that 
phage c10-III failed to produce haloes which invariably appeared around the plaques of 
phages c10-I and c10-II. Experiments were undertaken to study the possible relation- 
ship between the halo phenomenon and the production of lysin affecting the heterologous 
strain. 

Another strain of Str. lactis, DR4, which is related to but not identical with C10, 
showed haloes when attacked by phages c10-I and c10-II but not when lysed by phage 
c10-III. It was found that lysates of culture DR4 by phages c10-I or c10-II were active 
against culture C1, whilst the lysate by phage c10-III was inactive. 

A more comprehensive picture of the relationship between the bacterial strains, the 
lysins, the phages, and halo production was sought by swabbing the base strain on 
tryptone yeast extract agar, drying, and spotting with loopfuls of the phage and lysin 
preparations. The results of these tests are shown in Table 2. 


Table 2. Action of phages and lysins on cultures tested 


Base strains 
AL 





Preparation 


spotted C10 DR4 C10-I C10-1/1L =C10-1/11/1I1 Cl 
Phage c10-I LH LH — = ae = 
Lysin c10-I LH LH L L L L 
Phage c10-II LH LH LH —- — — 
Lysin ¢10-II LH LH LH L L L 
Phage c10-III L L L L ~~ -- 
Lysin ¢10-III L L L L = _ 

L =lysis. LH =lysis and halo. 


It should be noted that the phage preparations were one-step filtered lysates with no 
lysin activity, but that the lysin preparations contained phage. Lysin activity is therefore 
demonstrated only in those cases in which the lysin preparation brought about lysis but 
the phage did not. 

The haloes recorded in these tests showed as rings of partial lysis around the lysed 
areas, and were assumed to be due to the same cause as the plaque-halo phenomenon. 
Whereas lysis appeared after 1 day, the haloes needed 2 days of incubation. It would 
appear from these results that the lysins attacking culture C1 could also lyse C10 
derivatives which are resistant to the corresponding phages. 


| Effect of heat on the lysins 


When lysin preparations were placed in a water-bath at 60° C. for 5 min. their lysin 
activity was lost, although they still retained active phage. 


Effect of iodine 
Anderson (7), working with E.coli, reported that his lysin was inactivated by0-0001 n-I; 
and not reactivated by added SO,’~. Tests were carried out to determine the effect of I; 
on our lysin. 
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When I,~ at a concentration of 10-°m was incorporated in agar, the plaques developed 
normally but haloes did not appear. The addition of SO,?- did not counteract this effect. 
In spite of the suppression of the haloes I,~ did not prevent the lysis on the same medium 
of cultures C1 and C10-I, C10-I/II and C10-I/II/III by the appropriate lysins. 


DISCUSSION 


In the previous studies of phenomena closely resembling the induced lysis of heterologous 
strains reported here, various mechanisms have been suggested. These and some other 
possible explanations were ruled out in turn in our preliminary experiments. Thus it was 
shown that the phages did not become adapted to culture C1, nor was culture C10 lyso- 
genic for it, nor were the phages adsorbed by culture C1. Strain C10, in the absence of its 
phage, did not produce any substances lytic or inhibitory to strain C1. Failure of strain C1 
to increase the titre of phage C10 showed that no inducing substance (Wahl & Josse- 
Goichot(8)) was present. Failure of single-step Seitz filtered lysates to affect strain C1 
had shown that the phage particles themselves were not responsible for the lytic action. 
The effectiveness of filtered preparations of similar phage titre but in which far more lysis 
had taken place, therefore suggested that phage attack on an homologous culture was being 
accompanied by the production of a substance capable of lysing a heterologous culture. 

Later observations on the effect of heat treatment on the filtered lysate differentiated 
clearly between the phage particles and the postulated lysin, the latter being inactivated 
at temperatures insufficient to destroy the phage, and even disappearing rather rapidly 
on storage at 30° C. 

Pette(1) showed that the appearance of haloes around phage plaques was associated 
with the production of bacterial lysins. This was confirmed in our experiments. Two of 
the phage races produced haloes. The addition of I,~, shown by Anderson (7) to inactivate 
lysins, allowed the formation of plaques but prevented the appearance of haloes. It was 
found (Table 2) that of the phage races studied only the two producing haloes could lyse 
heterologous strains, and this further supports the concept that lysins were responsible. 
The failure of I,~ to prevent lysis by filtered potent lysates in spot tests on swabbed plates 
suggests that more than one lysin may be present, but on the other hand this technique 
gives decreased opportunity for interaction between the I,~ in the agar and the applied 
lysin. 

Some differences exist between the effects we have observed and the related phenomena 
reported by other workers. 

Whitehead et al. (6) described an inhibitory action of some phage races on heterologous 
strains. They found that the phage was adsorbed by the heterologous strain. We found no 
evidence of adsorption. Secondary growth of their heterologous cultures which survived 
the inhibition showed at least partial resistance to the inhibitory effect and was in some 
cases resistant to the homologous phage. In our experiments the phage-resistant deriva- 
tives of culture C10 were still susceptible to the lytic principle and secondary growth was 
sparse or absent. Seitz filtration apparently had little effect on the potency of their 
filtrates, while with ours it severely reduced the potency of the lysin, although the phage- 
titre remained high. Finally, their microscopic picture ‘suggested a drastic interference 
with the metabolism of the bacteria’, whilst in our observations the organisms were 


completely lysed. 
9 Dairy Res. 23 
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The similarity of the halo phenomenon to that reported by Pette(1) has been mentioned 
in Part I. Minor differences are that while refrigeration enhanced the action of his 
bacterial lysin, it suppressed ours. His preparation showed undissolved cell wall residue 
after lysis, giving the cells an appearance of intact skeletons, whilst our lysins appeared 
ultimately to dissolve all celi constituents. 

Collins (4) and Whitehead et al.) concluded that the nascent phage phenomenon was 
due to the presence of the heterologous phage in high concentration irrespective of the 
presence or absence of its homologous strain at the time of lysis. They did not mention in 
their reports a search in the lysate for another lytic principle. The effect they observed 
may have been a separate phenomenon, or may also have been associated with lysin 
activity. It is clear in any case that phenomena very similar to the one they report can 
be due to the production of a lysin or lysins released by certain phage races during lysis 
of the homologous strain. 


SUMMARY 


A reaction closely resembling the nascent phage phenonomenon was studied. When 
lysing the homologous strains of Str. lactis, two phage races were found to be capable of 
simultaneously inducing lysis of a heterologous strain and of other phage-resistant homo- 
logous strains. Seitz filtered potent lysates of the homologous strains also caused lysis. 
Subjecting the lysates to a temperature of 60° C. for 5 min. destroyed the lytic activity on 
heterologous strains but did not inactivate the phage. 

These two phage races produced haloes around their plaques while a third phage, 
unable to induce lysis of heterologous cultures, showed no haloes. Addition of I,~ to the 
medium suppressed the appearance of haloes, providing further evidence that they are 
due to the production of bacterial lysins. 

Evidence was obtained to show that several other possible mechanisms were not 
responsible for the observed lysis, and it was concluded that a heat-labile lysin or lysins 
capable of destroying the heterologous strain was produced during lysis of the homologous 
strain. The relationship of this to the nascent phage and other similar phenomena 
observed elsewhere is discussed. 
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620. HOST-PHAGE RELATIONSHIP OF CHEESE STARTER 
ORGANISMS 


III. SIGNIFICANCE IN SELECTION AND MAINTENANCE OF STARTER 
CULTURES IN COMMERCIAL USE 


By J. CZULAK anp JILL NAYLOR* 
Dairy Research Section, C.S.I.R.0., Melbourne, Australia 


The problem of bacteriophage in cheesemaking has been reviewed recently by White- 
head (1) and Mattick ). Results since reported by other workers and ourselves call for 
some modification of and addition to the existing concepts of the problem. 


Sources of phage 


It is accepted that every strain of lactic streptococcus used as starter will be ultimately 
attacked in the factory by phage. Once established the phage is perpetuated as long as 
the strain is used, through the cycle of infection in and around the factory as outlined by 
Whitehead (1). Whilst this explains the pathways of re-infection, little attention has so 
far been given to the important question of the source of phage for the initial infection. 
Whitehead (1) suggests ‘a widespread but usually very sparse ubiquitous dust-borne 
infection’ possibly coupled with host-range mutations of the phage. 

Since phage is not destroyed by pasteurization (3,4) the milk supply provides a possible 
channel of infection. However, dairy farm conditions, unlike the cheese factory, provide 
no protection for any lactic organisms; so that susceptible types—and hence their phages— 
will soon be eliminated from the environment. For this reason, as Luria(5) has pointed 
out, phage is much more likely to survive in any environment in the lysogenic than in the 
free state. Such free phage as does exist in farm milk supplies (apart from phage derived 
from the cheese factory) may therefore be associated with phage-carrying or lysogenic 
strains. By processes of the type discussed in Part I a wide range of lysogenic strains may 
be expected to have arisen and to continue to reproduce in any natural habitat. This 
reservoir of wild lactic streptococci must be considered as another possible source of the 
phages which inevitably attack new bacterial strains introduced to the cheese factory. 


Methods available for phage control 


Since prevention of the initial infection seems impossible, the solution of the bacterio- 
phage problem in the cheese factories has been attempted in two ways: (1) by protection 
of the starter cultures through aseptic propagation; (2) by the use of phage-resistant, 
phage-carrying, and in our experiments, lysogenic cultures. 

The first of these methods has proved the more promising. Its most advanced form is 
the single strain starter system practised extensively in New Zealand (1), and more recently 
in Australia. The system is based on daily rotation of phage-unrelated strains used in 
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pairs; usually four pairs of strains have been found sufficient, since an interval of 4 days 
allows dispersion of phage to a concentration below the critical level. 

Doubt has been expressed as to whether this technique would be successful under the 
more difficult conditions prevailing in some Australian cheese factories, where cheese is 
made in the same vat twice or three times a day. Recent reports (6,7) indicate that even 
under these conditions the method gives a sufficient margin of safety, and quite successful 
results have been obtained with the eight or twelve pairs of unrelated strains then 
required. 

In view of the disappointing results of the trials so far reported with resistant and 
phage-carrying strains which were ultimately lysed by new phage races, and our own 
similar experience with a lysogenic strain described in Part I, the second method appears 
of no direct value. 


Selection of strains 


Nichols & Hoyle (8), after phage typing a large number of strains of lactic streptococci, 
formulated criteria to be used in deciding whether a strain is sufficiently unrelated to be 
used in the rotational single strain starter system. These included susceptibility to a 
different phage pattern and inability to carry phage specific for any of the other strains 
used. Reiter () has since suggested that lysogenic cultures could be used if the indicator 
strains were rejected. It was shown in Part I that some lysogenic strains require ultra- 
violet irradiation before they can be detected, and ultra-violet induction should therefore 
form part of the testing procedure. 

Zehren & Whitehead (10) drew attention to the variation in burst-size and latent period 
in phages attacking different bacterial strains. Where burst-size is small and latent period 
long, a lower concentration of phage will prevail in the vat and in the factory. This factor 
should be considered in the selection of strains. 

Phage infection in the vat after the milk has been coagulated by rennet has no apparent 
effect on the rate of acid production (11,12). The possibility of a latent effect on the starter 
organisms in the cheese has not been investigated. If the role of the starter organisms in 
the maturing of the cheese is significant the possible influence of the phage and the lysins 
on the survival of these organisms will also need consideration. 


Pairs and mixtures of strains 


The pairs of phage-unrelated strains are usually blended either in the vat or in the bulk 
starter vessel. To be effective, particularly if blended in the bulk starter vessel, the strains 
must be compatible (13); in every case each strain should also be unaffected by the lysis 
of the other strain constituting the pair. It follows that strains should not be paired if the 
phage for one of them inhibits the other (14), or if there is evidence of the ‘nascent’ phage 
phenomenon, be it due to high phage concentration (15) or to phage-released lysin (Part II). 
The interfering effect of the lysins in the technique used was unsuspected at the time of 
some earlier studies on compatibility, e.g. Czulak & Hammond (13) and consequently some 
of their results may need re-investigation. 

The combination of single strains of known phage relationship into mixed starter 
cultures would prove a useful development. This would reduce the number of cultures 
which have to be propagated separately. Such mixtures would only be of value if their 
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composition were stable. The strains would have to be compatible in the fullest sense of the 
word, and to ensure this it would be necessary to apply all the criteria listed above. 


Conversion of strains 


Although no solution to the bacteriophage problem in cheese-making appears possible 
by the use of phage-resistant, phage-carrying or lysogenic strains, the knowledge gained 
in studies of host-phage relations can be of value. Advantage can be taken of the fact 
that some changes in the host-phage relationship are permanent and that they can be 
brought about deliberately. 

Since burst-size and latent period of phage are characteristic of phage and not of the 
bacterial strain (16) a valuable strain need not be rejected if it can be made permanently 
resistant to the phage race with large burst-size and short latent period. 

Similarly, a strain attacked by phage races which can release lysins could be converted 
into a form resistant to such races. Strain C10 and its derivatives discussed in Parts I 
and II are examples of a conversion of this type. 


The authors are indebted to Mr G. Loftus Hills, Officer-in-Charge, Dairy Research 
Section, C.S.I.R.0., for helpful advice and criticism; to Mr M. Walker of Leongatha 
Butter and Cheese Factory Co. Ltd. and Mr H. Connolly of Girgarre Cheese Factory and 
Trading Co., Pty., Ltd., for co-operation in factory trials; and to Mr L. A. Hammond for 
technical assistance in the laboratory. 
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PART I. MILK PROTEINS AND ENZYMES 


The ever-growing volume of literature has induced the editors of the Journal of Dairy Research 
to ask for reviews which ‘will be expected to be selective and to reflect the interests and critical 
views of the author’. In consequence, the review that follows deals with two selected fields of 
work in which the author’s own experience lies. 

Most of the papers considered below appeared in 1953 and 1954, but some earlier ones, not 
covered by the previous Review(1), are included. 


(1) PROTEINS 
(a) General 


In the last Review (1), attention was drawn to the hope for real progress in the elucidation of the 
complex mixture of proteins present in milk through the application of searching physico-chemical 
methods, such as electrophoresis. This hope has brightened through the introduction of simpler 
techniques like paper electrophoresis, but the apparent simplifications have enhanced the danger 
of misinterpretation. To give but one example, Schulte & Miiller(2) have applied paper electro- 
phoresis to undialysed milk and whey, and consider as ‘protein’ anything visible after staining 
with ninhydrin, thereby including even the small molecules found in the non-protein nitrogen 
fraction. This kind of approach would hardly seem to justify proposals for a new nomenclature 
for milk proteins(3) according to which all but two of the whey components are globulins, and 
none albumin. Real progress depends, clearly, on a full appreciation of the intricacies of the 
delicate techniques, as well as of the complexities of the protein systems. Without it, results are 
likely to cloud rather than to clarify the problems. 

McMeekin (4) has written a comprehensive review of present-day knowledge of milk proteins, 
and Jenness has dealt more specifically with the effects of heat on whey proteins in his Borden 
Award address(5). In a general review of the biosynthesis of proteins, Campbell & Work<(6) 
include a summary of the available information on the relationship between milk and blood 
proteins. They and their colleagues have made further important contributions by demonstrating, 
with the help of radioactive methionine, that the immune globulins of goat’s colostrum are 
transferred directly from the blood(7). As these globulins are known to pass straight from the 
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stomach of the newborn to its blood, one must accept the astonishing fact that these proteins of 
high molecular weight manage to find their way from the blood of the dam to that of the newborn 
without major alterations. Equally important is the later finding (8) that the immune globulins 
in the milk of the fully lactating goat arise similarly from the blood, and are probably not 
synthesized by the mammary gland. 

In a series of studies, American workers have dealt with the differences in the properties of 
fat globule membrane proteins prepared from ordinary and homogenized milk. The preparations, 
made by a fully described method, differed markedly in amino-acid composition(9), electro- 
phoretic pattern (10), and sedimentation behaviour in the ultra-centrifuge(11). Homogenization 
appears to lead to the adsorption of other milk proteins. A comparative electrophoretic study 
of the proteins in skim milk, buttermilk and butter serum derived from the same source has been 
reported (12,13), In continuation of earlier investigations, Belgian workers have extended their 
field to the perfused udder. No drastic changes were noted in the distribution of the blood and 
milk proteins (14). 

The fate of the proteins during cheese ripening presents formidable, as yet unsolved, problems. 
One must congratulate Lindqvist & Storgards(15,16) on their valiant efforts to attack these 
problems. They have given particular attention to the peptides formed in a variety of cheese, 
looking for the characteristics as revealed by paper electrophoresis. No less than twenty ethanol- 
precipitated fractions of the ‘soluble nitrogen’ of each cheese are analysed in their scheme, and 
the results assembled into three-dimensional diagrams. The authors take a carefully guarded 
view on the merits of their first findings, and one can only hope that their efforts will finally be 
rewarding. That electrophoresis on filter-paper may be of value in the further resolution of the 
amino-acid chromatograms of ripening cheese, is indicated by work from Wolfpassing (17, 18). 


(b) Casein 


A review of the chemical and biological properties of casein has been given by Zelter(19) 
[in French]. McMeekin and his colleagues at Philadelphia have continued their studies (20, 21,22), 
Halwer (20) has found it impossible to determine the molecular weights of «- and B-casein by the 
light-scattering technique because they behave like denatured proteins of the ‘globular’ type, 
e.g. egg albumin, in that they show increasing aggregation with increasing electrolyte concentra- 
tion. He considers it unlikely that true values for the molecular weight of casein are in existence. 
The terminal amino-groups of «-and f-casein differ quantitatively though not qualitatively (21). 
The amino-acids of y-casein have been determined by biological assay (22). This component has 
been prepared by Cherbuliez & Wolf (23) with and without the involvement of rennet. The resulting 
products were identical in their electrophoretic pattern, ultraviolet absorption and phosphorus 
content, and it is deduced that y-casein is not attacked by rennet. 

The electron-microscope has been put to further good use by Hostettler & Imhof in demon- 
strating the aggregation of the casein particles of milk by homogenization (24) and by various 
condensing and drying processes (25). That the average particle weight of casein increases during 
milk evaporation has also been shown with the help of an optical method by Russian workers (26) 
who, elsewhere (27), have studied the influence of pH and calcium ions on the particle size. An 
investigation of the effect of changes in pH and temperature on the optical rotation (28) of various 
proteins includes data on casein and f-lactoglobulin. Plomley & Higgins(29) have measured the 
changes in viscosity with time for the complex system casein-calcium hydroxide-sodium 
hydroxide. The reviewer confesses his failure to understand the significance of the experiments 
and their interpretation. Using suitable membrane electrodes, Carr has demonstrated that casein 
binds considerable amounts of calcium (30) as well as of magnesium, strontium and barium (31). 
In contradiction, other workers(32), using the same type of method, found no evidence 
for the binding of calcium, but their results are only available in the form of a brief abstract. 
Absence of binding would be surprising with an ion that has such a profound influence on 
the stability of the casein complex. This influence is well shown in experiments by Bishov & 
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Mitchell (33), who observed a close relation between the quantity of casein sediment in the 
supercentrifuge and the calcium content of milk which was raised and lowered beyond the 
normal level. The importance of ionic balance between calcium, citrate and phosphate is also 
stressed by Seekles & Smeets (34) in further work on the so-called ‘Utrecht anomaly’. Ross & 
Moore (35) have isolated the casein of milk from mice of strain R. II, and have studied its physico- 
chemical properties and amino-acid composition. 

Enzymatic changes are receiving increasing attention. Perlmann (36) has discussed the step- 
wise removal of phosphate groups occurring when «-casein is dephosphorilysed by prostate 
phosphatase. As mentioned in the previous review(1), this enzyme has no effect on B-casein. 
That there are marked differences also in the rate of phosphorylation of «- and B-casein, has been 
shown by Burnett & Kennedy (37) who found that, under the influence of an enzyme obtained 
from rat liver mitochondria, «-casein takes up phosphorus from adenosine triphosphate much 
faster than the B-component. French workers(38) have studied the liberation of phosphorus 
from crude casein, «-casein, and modified caseins under the influence of phosphatases of animal 
and vegetable origin. Their results led to the conclusion that there must be two different types 
of casein-phosphorus bonds. Peterson, Harrington & McMeekin(39) have isolated three electro- 
phoretically homogeneous and distinct non-dialysable fractions differing in phosphorus content 
from f-casein digested with trypsin. This type of casein showed anomalous viscosity changes 
when hydrolysed with trypsin or plasmin (40), whereas «-casein exhibited a uniform decrease in 
viscosity under the influence of these enzymes. Lembke, Kaufmann & Schmidt(41) have shown 
that ultraviolet absorption spectrophotometry is a sensitive tool for the measurement of the 
initial breakdown of casein during trypsin and pepsin digestion. With the help of paper 
chromatography, they established marked increases in tryptophan for trypsin and in tyrosine 
and proline for pepsin. Surprisingly, trypsin proteolysis was much faster in boiled than in raw 
skim milk. Elsewhere, the workers from Kiel have made an attempt to gain insight into the 
mechanism of the tryptic breakdown of casein by electrophoresis(42), a method they had 
previously applied to this protein and milk(43). This attempt must be considered a failure, as 
the diagrams shown in illustration show singularly ill-defined boundaries. Lembke & Kauf- 
mann (44) have also tried paper electrophoresis in a simple apparatus of their own construction, 
but failed even in resolving «- and f-casein. Sasaki & Kamiya(45) have made use of a formal 
titration method in studying the action of pancreatin on casein and other proteins. In con- 
nexion with the problem of standardizing rennet preparations, Danish authors (46) have presented 
many observations on the way in which the degree of dispersion of caseins prepared by a variety 
of methods affects the action of rennet. Interesting findings concerning the changes in casein 
caused by infection with Streptococcus agalactiae have been briefly reported by American 
workers (47). Electrophoresis experiments showed that «-casein decreases, and that complexes 
are formed between the different types of casein. 


(c) Whey proteins 


Few general studies of these proteins have been reported. Vandegaer & Miettinen (48) examined 
them by electrophoresis on filter-paper, and obtained distribution figures in fair agreement with 
those reported for U-tube electrophoresis, except for an overestimate of the slow-moving 
globulins. Freimuth(49) has attempted to separate the globulins and albumins with sodium 
sulphate. He cuts at 2m sulphate, an astonishingly high concentration, since all the globulins 
are known to be precipitated at the much lower concentration of 13m (Palmer (1934), J. bool. 
chem. 104, 359). Block, Bolling, Weiss & Zweig have shown that the whey proteins may be 
precipitated with dilute ferric chloride in the form of complexes, which they named ‘ferri- 
lactin’ (50). They have studied various methods of removing the iron from these complexes (51), 
being most successful with an ion-exchange procedure, and have used this procedure for the 
preparation of crystalline B-lactoglobulin and «-lactalbumin (52). Unfortunately, the yield of the 
latter protein is poor compared to that obtainable by the improved method described by Gordon, 
Semmett & Ziegler (53), who have also determined its amino-acid composition (54). 
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(d) B-lactoglobulin 


Further data on the partial specific volume of the protein and water in crystals of B-lacto- 
globulin have been given by McMeekin, Groves & Hipp(55). Careful measurements of the 
density of crystals and of their unit cell dimensions have been reported by Low & Richards (56). 
Smithies (57,58) and Ogston & Tilley (59) have provided further evidence for the heterogeneity of 
solutions of crystalline B-lactoglobulin, as revealed by determination of the osmotic pressure, 
behaviour in the ultracentrifuge and electrophoresis apparatus, and by solubility studies. 
Smithies (58) considers the ‘variable solvent’ solubility test to be the most searching of these 
methods. The apparent lack of homogeneity is, no doubt, partly, if not wholly, due to the presence 
of two components (f,- and ,-lactoglobulin) of different electrophoretic mobilities in bulk milk 
and in the milk of certain individual cows, Other cows secrete only f,- or ,-lactoglobulin. The 
two components crystallize in different forms (60). 

Christensen (61) has made a searching study of the mechanism of denaturation of B-lacto- 
globulins in strong urea solutions, and of the effects of tryptic digestion. Carr(30) has shown that 
B-lactoglobulin binds calcium ions in appreciable quantities, and Yon (62) has found that tryptic 
digestion is impaired, once the protein has formed a-complex with calcium. According to the 
same author (63), ammonia ions may inhibit the action of trypsin completely. 

Johansson (64) has tried in vain to obtain a crystalline protein from human milk whey by 
application of the methods leading to the crystallization of B-lactoglobulin from cow’s whey. 
Askonas (65) has isolated an albumin from goat’s whey which crystallizes from strong ammonium 
sulphate, but not from salt-free solutions. It has a similar molecular weight (37,100) to that of 
the B-lactoglobulin of cow’s milk, but a higher isoelectric point (pH 5-9). Whether it is entirely 
fortunate to describe this protein as ‘goat B-lactoglobulin’, as suggested by Askonas, remains to 
be seen. Comparable electrophoretic patterns of goat’s and cow’s whey, such as those given by 
Gregory & Holdsworth (66), show that there is no component of the high mobility of cow’s 
B-lactoglobulin in goat’s whey. 


e) Effects of heat treatment 


As mentioned above, Jenness(5) has reviewed some of the major factors that come into play 
when milk or whey are subjected to heat treatment, dealing in particular with the denaturation 
of whey proteins and the activation of sulphydryl groups. The review includes some original 
data on heat-induced changes in the electrophoretic pattern of whey and of £-lactoglobulin. 
According to a brief communication by Larson & Rolleri(67), electrophoretic examination of 
casein-free filtrates of milk heated for 30 min. at temperatures between 56 and 96° C. shows that 
the globulins are the least, and «-lactalbumin the most heat-stable components. After heating 
to 96° C., three components are still present, which are considered to be of a proteose-peptone 
nature. Such components should still be demonstrable in the casein-free filtrate of sterilized 
milk. Vandegaer & Miettinen (48), using paper electrophoresis, obtained only one broad band 
with a mobility between that of «-lactalbumin and of f-lactoglobulin. This is almost certainly 
proteose-peptone material and not, as the authors suggest, some altered form of B-lactoglobulin, 
since this protein, when denatured by heat, is completely removed with the casein on acidification 
of sterilized milk. That isolated B-lactoglobulin interacts strongly with casein on heating, has 
been demonstrated by electrophoresis experiments of McGugan, Zehren, Zehren & Swanson (68). 
An analytical study of the degree of heat-denaturation of the whey proteins over a wide range of 
pH values has been made by Freimuth(69). Owing to his unfortunate choice of 2M sodium 
sulphate for the separation of ‘globulin’ and ‘albumin’ (see p. 136), little significance can be 
ascribed to his findings. 

Some interesting observations on the effect of heat-treatment on the particle size of the whey 
proteins have been made. Ramsdell and his co-workers(70,71) have shown, in experiments with 
heated and unheated milks, that the whey proteins denature on heating, but do not aggregate 
sufficiently to become precipitable when centrifuged at 28,800 g. This has been confirmed by 
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Edmonson & Tarassuk(72) in experiments using 26,000 g. When whey obtained by centrifuging 
was heated, the result was different in that the denatured proteins now precipitated out on spinning. 

According to Goded y Mur(73) cooked flavour in milk, skim milk and cream becomes noticeable 
on instantaneous heating to about 75° C., when changes in the oxidation-reduction potential and 
liberation of sulphydryl groups also occur. Zweig & Block (74) have made a study of the SH-groups 
in heated skim milk and dried skim milk, using Kolthoff’s amperometric method of titration, 
The changes conformed to a first-order reaction when skim milk was heated above a critical 
temperature varying between 58 and 69° C. Variations observed with dried milk could be related 
to differences in pre-heating. From preliminary observations, Fellows(75) suggests that quanti- 
tative assessment of the reduction of ferricyanide might provide a measure of the time and 
temperature of heating to which sterilized milk has been exposed, whilst Schulz, Roland & 
Voss (76) believe that a resazurin test done at 80 or 90° C. might serve for this purpose. Both 
suggestions should be followed up in more detailed investigations, as searching tests reflecting 
the degree of heat-treatment of sterilized milk are lacking. 

Whitney, Paulson & Murthy (77) have described a method for determining the coagulation time 
of milk in a reproducible manner. A series of subsamples is heated at 120° C. in sealed ampoules 
which are removed at short intervals of time, once coagulation becomes apparent. S-shaped 
curves are obtained by plotting the nitrogen remaining in solution against time. Factors affecting 
the coagulation time of milk at 130° C. have been briefly discussed by Pyne(78), with special 
reference to the role of calcium ions. He suggests that acidity developed by lactose breakdown 
might be the principal factor determining coagulation time. Grimbleby(79), working at lower 
temperature, ascribes increases in the acidity of skim milk heated to between 60 and 80° C. 
largely to the elimination of basic amino-groups through their loose combination with lactose. 
A different mechanism involving protein and lactose breakdown comes into play on heating skim 
milk to higher temperatures. 

The chemical aspects of the browning reaction in model systems have been reviewed by 
Hodge (80). Such systems have been studied by Taufel & Iwainsky (81), who worked with amino- 
acids and glucose, and by Adachi (82,83), who has given particular attention to urea-lactose inter- 
action. Giri, Rao & Rajagopalan (84), by applying circular paper chromatography to hydrolysates 
of autoclaved mixtures of Hammarsten casein and glucose, have shown that all the arginine and 
about half the lysine and histidine (not separated) are destroyed after heating for 1 hr. Perfection 
of a method allowing quantitative chromatography of lysine, has been the object of a study by 
Patton, Salander & Piano (85), who also used casein-glucose systems, and found lysine destruction 
most severe when moist heat was applied. A most promising line of research has been opened up 
by work from the same laboratory (86) on the interaction of milk or casein sols with lactose 
labelled with 4C. Samples were heated in closed containers for times up to 1 hr. at 97, 115 and 
121° C., and counted after prolonged dialysis to obtain a measure of the degree of complex 
formation. This rose in line with the degree of browning, the relationship being particularly close 
with the casein sols. When isolated complex was subjected to further heating, much lactose was 
decomposed while further browning occurred. The authors suggest that the protein, apart from 
interacting with lactose under formation of a heat-stable complex, also acts as a catalyst for the 
destruction of lactose by way of a heat-labile combination. Expansion of this type of work 
should lead to better insight into the complicated mechanism of the protein-sugar interaction. 


(2) ENZYMES 


(a) Phosphatase 


In recent years, fundamental studies of this, for practical reasons so important, milk enzyme 
have been rare. One therefore welcomes the series of papers by R. K. Morton which contribute 
much to our knowledge. He has shown(87) that the phosphatase in skim milk is bound to a 
lipoprotein complex of a particulate nature. The particles, for which the term ‘milk microsomes’ 
is proposed, have been isolated and studied (88). The phosphatase can be liberated by treatment 
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with butanol which seems unique in this respect and, following initial treatment with this solvent 
a series of purification steps, described in (89), will lead to highly pure and potent preparations of 
the enzyme. Butanol treatment has likewise proved of great value in the preparation of phospha- 
tase from the mammary gland and other tissues (90). 

Evidence is rapidly accumulating that reactivation of phosphatase tends to occur in milk and 
cream subjected to certain times and temperatures of heat-treatment, thereby endangering the 
validity of tests based on the inactivation of this enzyme. Fuchs(91) found this tendency to be 
pronounced in milk subjected to ‘Uperization’ (a commercial process involving momentary 
heating to temperatures well above 100° C.), and this was confirmed by Wright & Tramer who, 
starting from this observation, took much pains to establish the conditions resulting in reactiva- 
tion. Their detailed investigation, embodied in three papers(92, 93, 94), should be read in the 
original. It would be too much to expect a clear-cut explanation of the mechanism leading to 
reactivation from these initial studies. Certain significant facts have been established which 
should facilitate eventual elucidation of the mechanism: (1) reactivation tends to occur when 
milk is subjected to heat-treatments which cause pronounced, but incomplete denaturation of 
the soluble proteins; (2) the presence of reducing systems favours (and oxygen inhibits) reactiva- 
tion. As is well known, it is in the range mentioned under (1) that the reducing capacity of milk 
increases rapidly. Fortunately, there seems little danger of reactivation with commercial milk 
supplies heated in accordance with the currently accepted methods of holder or H.T.s.T. pasteuriza- 
tion. With H.T.s.T.-pasteurized cream, however, this danger is considerable, as shown by Ritter (95) 
and Siegenthaler(96). There is, therefore, real merit in Siegenthaler’s showing that reactivated 
and natural phosphatase can be distinguished by a simple heating test (5 min. at 55° C.) which 
inactivates more than 75°, of the former and less than 25% of the latter. The holding period 
being relatively short, the test requires careful control of the heating-up procedure, and it might 
be preferable to lengthen the holding-time and to reduce the temperature, thereby minimizing 
the possible heating-up errors. 

The phosphatase test has been reviewed by Gilcreas(97) and Ritter(98). Two or more of the 
now numerous techniques have been compared in the papers tabulated below (Table 1). 


Table 1 
Method 
Refer- Aschaffen- Lactog- 
ence Kay- Sanders— Sanders— Andersen—- burg- Schwarz— __ nost- 
no. Graham —_ Scharer Sager Hupfer Cornell Vestesen Mullen Fischer Heyl 
(99) x x x ‘ ‘ 
(100) ; . * x x > 
(101) ; x x : x ‘ 
(102) : x x 
(103) x ; ‘ , . P x ¥ 
fom x x x - ; x ‘ x 
(105) 
(106) x x 
(107) ‘ a ‘ ; ‘ ji x x x 


Scharer (108) has proposed modifications of his own technique, issued after his untimely death. 
The so-called Sanders-Hupfer test, mentioned in Table 1 (100) is a modified Cornell test. Further 
exploration of the use of phenolphthalein phosphate as the substrate has come from Schwarz & 
Lange(109), and from Simonart, Yu Chow & Huberlant(110) who let the reaction proceed in 
soaked strips of filter-paper. Long incubation periods seem required to attain a reasonable degree 
of sensitivity. Sieverding & Lang(111) have found that in hot summer weather erroneously high 
readings tend to occur with the Gilcreas-Davis test. They propose remedial action by cooling during 
the development of the blue colour. 


(b) Rennin 
Berridge(112) has simplified his method of preparing crystalline rennin, and the modified 
method has been used successfully by Alais(113). Hankinson’s method has been modified by 
de Baun, Connors & Sullivan(114), and their method in turn by Hostettler & Stein (115). Another 
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crystallization procedure is to be found in(116). It is, thus, possible to prepare crystals by a 
variety of methods, the choice of technique depending not least on the starting material, but 
there still remains ample scope for improvement, since the yields attainable at present are rather 
poor. Furthermore, most of the crystalline preparations appear to contain more than one 
component when examined by electrophoresis. 

French and Swiss scientists(117) have collaborated to good purpose in showing that addition 
of rennet to milk causes a rapid exponential increase in the nitrogenous fraction soluble in 12% 
trichloracetic acid (NPN). The reaction is nearly complete by the time clotting becomes visible. 
The authors suggest that the NPN-time curves represent, or at least reflect, the primary action 
of rennet coagulation. Anybody interested in the mechanism of milk clotting should read this 
elegant paper. In contrast, readers will need more patience and skill than the reviewer possesses, 
to derive profit from a viscosity study of rennet action by Tewes(118). Mocquot, Alais & 
Chevalier (119) have published a full account of their investigations into the possible reasons for 
slow clotting in milks from certain individual cows. Though anomalies in calcium and phosphorus 
make-up were noted, the authors ascribe the anomalies primarily to factors connected with the 
structure of the casein or the distribution of the casein components. Pyne (120), on the other hand, 
is inclined to hold differences in calcium concentration chiefly responsible for variations in 
coagulation time and ability, while Politi(121) believes that protein as well as calcium balance 
is involved. On the basis of comparative ultraviolet spectroscopy of casein and paracasein and 
their azo-derivatives, Higgins & Fraser(122) suggest that imidazole or phenolic groups may be 
released from casein under attack by rennet. Maxcy, Price & Irvine(123) have found that addi- 
tion of calcium chloride accelerates the clotting time of homogenized milk, but does not improve 
its low curd tension. To produce harder curds, it was necessary to increase the concentration of 
casein, e.g. by addition of dried skim milk. Hostettler & Stein (124) have drawn attention to the 
marked influence of different container materials on the speed of rennet coagulation, surfaces 
permitting adhesion favouring rapid coagulation. 

Rotini (125) has summarized information on a number of clotting enzymes of animal and vege- 
table origin. Methods of purifying the milk-clotting enzymes of Ficus carica(126) and of Streblus 
asper (127) have been given by Indian workers. 


(c) Other enzymes 


A further review of lipase has come from the pen of Herrington (128). More evidence accumulates 
showing that milk contains a mixture of lipases. Thus, Schwartz, Gould & Harper(129) observed 
three lipases most active at pH 7-0, 7-5-7-9 and 8-5 in experiments with freeze-dried skim milk 
using milk fat as the substrate, whilst Albrecht & Jaynes(130), using tributyrin and related 
substrates, found optimal activity at 5-4 6-3, and 8-5 for skim-milk. Like lipase, lactoperoxidase 
has not been extensively studied during the period under review. That the oxidative power of 
the milk enzyme differs from that of other peroxidases, has been shown in(131) and (132). 
Morell (133) did not succeed in splitting the prosthetic group from the protein. A standard 
method for the Storch test has been laid down in the Netherlands (134). Practical aspects of the 
test, which is still widely used in Germany, have been considered by Schwarz and his col- 
leagues (135, 136), who have also shown (137) that reactivated peroxidase which frequently develops 
in flash-pasteurized milk, can be differentiated from the native enzyme by its greater heat 
sensitivity. 

By slowly adding alcohol at low temperatures to concentrates of buttermilk xanthine oxidase, 
workers at the Royal Cancer Hospital (138) have obtained crystalline needles of high enzymatic 
activity which, as they carefully point out, are probably not the pure enzyme, as some inactive 
material appears to be present. They doubt whether iron is an integral part of the molecule, as 
has been suggested by Richert(139). According to Mackler(140), the presence of molybdenum is 
essential for the reaction of the enzyme with cytochrome c. The xanthine oxidase content of milk 
and milk fractions has been estimated by Greenbank(141). Robert and co-workers have found 
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that the enzyme was activated before being destroyed when fresh milk was exposed to very high 
pressures (142) or ultrasonic waves(143). Such activation did not occur with washed cream or 
purified preparations of xanthine oxidase. 
R, ASCHAFFENBURG 
NATIONAL INSTITUTE FOR RESEARCH IN DAIRYING 
UNIVERSITY OF READING 
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PART II. THE COMPOSITION OF MILK AND DAIRY PRODUCTS AND 
METHODS OF ANALYSIS 


(1) THE COMPOSITION OF MILK AND MILK PRODUCTS 


Several publications have been concerned with the possible correlation between the fat and non- 
fatty solids percentages in milk. Although there is a tendency for the protein to increase with 
fat, the relationship is variable; for instance, when the milk of twenty-nine Brown Mountain 
heifers was examined (1), only sixteen showed a positive correlation. For a given fat content, the 
protein varies considerably from breed to breed, and there appears to be a closer correlation of 
fat with protein in the early months of lactation(2). An examination by Wilson(3) of 9716 
monthly bulk milk samples over a period of 27 months showed a linear relationship between the 
mean annual values for °% non-fatty solids and °% fat, as between the various herds. For an 
annual mean of 8-5°% non-fatty solids, the corresponding fat percentages were 4-4 for Friesians, 
3-9 for Ayrshires, 3-6 for Guernseysand 3-5 for Jerseys. No correlation was observed between lactose 
content and fat or protein (4). Studies of the lactose/chloride, potash, sodium relationships by Barry 
& Rowland (5) yielded values which were consistent with the view that in late lactation or with 
mastitis, milk similar to that of early lactation is mixed witha fluid closely resembling blood serum. 
Evidence of the presence in milk of sugars other than lactose continues to accumulate (6, 7,8,9, 10). 
While the free glucose and galactose are not affected by pasteurization, the galactose alone 
increases as a result of autoclaving at 16 lb. pressure for 15 min.(6). Glucose-1-phosphate, 
galactose-1-phosphate, glucose-6-phosphate, and a lactose phosphate are present in cow’s and 
goat’s milk and colostrum(7). A hexosamine, probably glucosamine, has been observed in the 
hydrolysed protein of cow’s colostrum, but not of cow’s milk(8). Besides lactose, glucose, and 
galactose, no less than ten other carbohydrates are claimed to be present in milk, on the evidence 
of unidentified ‘spots’ on paper chromatograms (10). 


(a) Effect of roughage 

Balch and associates (11,12,13,14,15) have studied in great detail the detrimental effect of low 
roughage rations on the fat percentage of milk, first observed by Powell in the U.S.A. in 1938. 
Their conclusions that the depressing effect is due to abnormal physical and chemical conditions 
in the rumen is supported by the observation that, under these conditions, there is an abnormally 
low concentration of acetic acid in the rumen. Further, it has been demonstrated that the 
feeding of sodium acetate to cows receiving low roughage rations brings about a partial restora- 
tion of fat content. The effect is not due to increased yields, or changes in the digestibility of the 
ration, but rather to changes in the bacterial flora of the rumen. Flaked maize, in conjunction 
with low roughage supply, produced a more drastic reduction in fat percentage than dredge corn. 
Thus, while it is true that a low roughage intake, coupled with a large intake of highly digestible 
carbohydrates, is the prime cause of the low fat percentages, it has become clear in the later 
work that the kind of carbohydrate is a factor of importance. 


(b) Metals and milk products 


The use of stainless steel equipment has done much to minimize the risk of metallic contamina- 
tion of milk and dairy products. It was therefore surprising that high levels of copper contamina- 
tion of butter had occurred in a number of Netherlands factories equipped throughout with 
stainless steel (16). In one factory, copper was deposited on the walls of a wooden churn worker. 
Although in this case the washing water contained copper derived from a copper heating coil in 
the water boiler, similar boilers were in use elsewhere without apparent detriment to the dairy 
products. Almost simultaneously came similar reports from Sweden (17), where the replacement 
of copper heating coils by stainless steel proved an efficient remedy. 

Milk from Black Pied Lowland cows was examined for calcium content over twenty-three 
complete and fifteen incomplete lactations. Values ranged from 0-134 to 0-171, the mean being 
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0-153%. For early colostrum, the value was 0-20°%. Minimum values were reached at the 
20th week of lactation. Variations in fat and calcium content were similar in direction (18). The 
mean concentration of potassium in fifteen individual and sixty mixed milk samples was 0-161 %, 
with values ranging from 0-136 to 0-179%%. Both mastitis and late lactation tend to depress the 
potassium content (19). 

A survey of the iodine content of milk produced in goitrous and non-goitrous areas of the 
Netherlands has been carried out by Binnerts(20). Mean values for winter and summer respec- 
tively were 0-97-2-06 yg. % in goitrous areas, 2-11—4-88 wg. % in non-goitrous districts, and 1-38- 
3-21 wg. % in transitional areas. In extreme coastal areas 3:43-8:35 yg. °/, were recorded. Bromine 
has been detected in milk, condensed milk, and dried milk, particularly in coastal districts (21). 

Condensed milk kept in badly tinned cans for 2-4 days after opening may dissolve appreciable 
amounts of iron. This is held responsible for the grey colour frequently noticed when such milk 
is added to coffee. While the freshly condensed milk contains 3 p.p.m. of iron, if unsound milk 
cans are used for the milk before condensing, the iron content may be as high as 11 p.p.m. in the 
concentrated product. Small rivets of aluminium in the cans caused a preferential absorption of 
aluminium, with no deleterious effects (22,23). Iron contamination of cream is closely related to 
flavour defects of cream and butter (24). 


(c) Contamination by insecticides 


As determined by chemical analysis, no contamination of milk with D.D.T. occurred when the 
cowsheds were sprayed, provided all foods and troughs were covered and the cows were outside (25). 
By spectro-photometric methods, however, seven out of the twenty-eight samples examined 
showed concentrations of 0-03-0-05 p.p.m. of D.D.T. The spraying of lucerne with 3-9 oz. aldrin 
per acre, harvesting 2 days later, and feeding to dairy cows, was found to transmit no aldrin to 
the milk. In another trial it was found possible to feed aldrin at the rate of 0-8 mg. per kg. body 
weight without entry into the milk. Of the larger quantities fed only 11-14 % was excreted in the 
milk, the excretion being complete 18 days after the cessation of feeding (26). 


(d) Phosphatides and fatty acids 


The phosphatide content of milk and dairy products has been found to be: milk, 0-035-0-042 % ; 
buttermilk, 0-139-0-160%; Fritz buttermilk, 0-332-0-339°%; human milk, 0-036 %; sour cream 
butter, 0-243-0-315 °%; cheese, 0-037, 0-084 and 0-182 % for 20, 30 and 40% fat respectively (27). 
The phosphatide content of whole milk was not affected by pasteurization, momentary heating 
to 100° C. or by ultra-violet irradiation. It was, however, reduced by prolonged heating or by 
souring (28). 

The free fatty acids of milk have been determined by Thomas, Harper & Gould(29). Higher 
concentrations were observed in the first drawn milk (1-77 ml. N alkali per 100 g. fat) than in 
the second (0:83 ml.) or third portions (0-82 ml.). There were wide variations from cow to cow. 
Continued attention is being given to the component fatty acids of milk fat. Smith & Jack (30) 
fractionated the methyl esters by vacuum distillation, and by crystallization from pentane at 
—21°C., a separation of saturated from unsaturated fatty acids was effected. Ultra-violet 
absorption studies showed that both conjugated and non-conjugated polyethenoid fatty acids 
were present, and probably a non-conjugated pentaenoic acid(31). Further investigation by 
infra-red spectroscopy revealed the presence of appreciable amounts of trans isomers within the 
C,,-C,, monoethenoid fraction (32). The conjugated acids reached a higher level in the summer 
(21%) than in winter (0-65%). Trienoic acids were present to the extent of 0-7 and 0:35% 
respectively (33). Also, during the summer, higher levels of trans fatty acids were observed by 
Cornwell and associates, using infra-red spectrophotometric methods (34). Values for summer and 
winter were respectively 9-6 and 5-0%. Corresponding values for the trans C,, acids were 6-8 and 
3-5°%, this fraction containing vaccenic acid and other isomers. Branched chain fatty acids of 
milk fat also continue to receive attention from Shorland and others, (35,36,37,38,39). From 
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New Zealand butterfat these workers obtained a number of C,, saturated acids: one straight 
chain 0-82 %, and two branched twelve-methyl and thirteen-methy]l acids in concentrations 0-43 
and 0:37 °% respectively (38). Much smaller quantities of a branched chain C,, acid were also 
reported 0-05 % (37). Extending over a period of 40 months, butterfat from twenty New Zealand 
factories was examined for variations in refractive index and density at 60° C.40). The mean, 
minimum, and maximum values obtained were 1-45492, 1-4535, 1-4571 for refractive index, and 
089045, 0-8885, 0-8916 for density. Highly significant correlations were observed between 
refractive index and iodine value, density and saponification value, and density and Reichert 
value. Seasonal and regional variations in iodine value were observed by Bergman & Joost (41) in 
milk delivered to seventy-two Swedish dairies. Lowest values in November to May coincide with 
the stall feeding period. Particularly low winter values were noticed in south Sweden where 
sugar-beet tops are widely used. Consistency studies of 869 samples of butter from sixty-eight 
dairies showed that the iodine values of butters of best consistency lay between 33 and 34, but 
variations between 31 and 37 had no serious effect on consistency. Values above or, more 
particularly, below this range had a deleterious effect on consistency. In Normandy, where cows 
are on pasture in the daytime the whole year round, the iodine values varied between 37 and 44, 
showing two maxima April and October-November, and two minima, January-February and 
June. Values from Alsace, where the cows are stabled all the year round, were within the range 
28-6 to 42-5. Here only one maximum period July to September and one minimum January to 
February was observed (42). 
(e) Various mammals: milk composition 

Differences in the composition of the milk of various mammals are evident from the work on 
the carbohydrates of human milk 43,44,45,46), the amino-acid composition of the proteins of milk 
from the cow, ewe, sow, mare and Indian buffalo 47,48), and the fatty acid content of the fat of 
rat’s and cow’s milk (49). Preliminary observations on the milk of the kangaroo suggest that it 
contains pentose, proteins, and nitrogenous matter not associated with cow’s milk (50). Informa- 
tion on the composition of sow’s colostrum and sow’s milk during the course of lactation is given 
by Perrin (51,52), and by Jax(53). Variations in the composition of human milk are dealt with 
in three papers (54,55,56). There are no less than four communications dealing with the milk of 
the whale (57,58,59,60), and one concerning camel’s milk (61). Kern (62) gives the annual average 
yield of Awasi ewes, of which there are 50,000 in Israel, as 240 kg. The milk contains 7-5% fat, 
10:9% s.n.F., 4:3% casein, 44% lactose, 0-99 mineral matter, and has a freezing-point 
depression of 0-565° C. 

(f) Effect of storage on cream 

Storage of cream at 85° F. for 7 days caused a slight increase in caproic and valeric acids, but the 
butyric acid showed a considerable increase, which is attributed to bacterial attack upon lactose 
rather than fat hydrolysis (63). 

(g) Cheese making and ripening 


The composition of milk destined for cheese making has been the subject of extensive studies 
by Bergman & Joost (64,65,66). Minimum fat losses were achieved by using moderate quantities 
of rennet, to bring about coagulation at 30° C. in 30-45 min. High scalding temperature and 
increased coarseness of curd also reduced fat losses. These factors did not affect the passage of 
protein from the milk to the cheese, which was found to depend upon the casein content of the 
milk. The composition of 302 Cheddar and 105 Gouda cheese, made in sixteen South African 
factories over a period of 22 months, was determined by Claassens (67) 








Percentage fat in dry matter Percentage protein in dry matter 
A AW 
~Y 
i Standard Standard 
Mean Range deviation Mean Range deviation 
Cheddar 54-64 49-49-58-21 +1-58 38-03 34-5442-47 +1-41 
Gouda 53-62 48-99-57-74 +1-58 38-67 34-10-42-88 +1-59 


A significant negative correlation (—0-7997) was observed between the fat and protein content. 
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The development of chromatographic technique has greatly stimulated interest in the produc- 
tion of amino-acids during cheese ripening, and their possible contribution to cheese flavour. In 
Provolone cheese, flavour was related to the simultaneous production of glutamic and butyric 
acids, in the ratio 2: 1(68). A well-flavoured cheese contained 12 mg. per g. of these two acids. 
While lipolysis is held responsible for the production of butyric acid, the glutamic acid is more 
directly related to the starter organisms. In Camembert cheese (69), free amino-acids, negligible 
at first, increased after the tenth day of ripening, but were never in excess of 10% of the soluble 
nitrogen. Ammonia increased rapidly after the eighteenth day until, in the fully ripened cheese, 
it constituted 24 °% of the soluble nitrogen. The ratio soluble/total nitrogen increased from 9° on 
the second day to 30% in the fully ripened cheese. The liberation of amino-acids appears to be 
selective rather than general. Thus, glutamic acid and leucine are present in the second day, but 
alanine, arginine, histidine, lysine, tyrosine, and valine appear at later stages (about 10 days), 
while at the eighteenth day glutamine, methionine, phenylalanine, proline, and oxyproline 
appear(70). Storgards & Lindqvist(71) followed the hydrolysis of peptides during ripening by 
an examination of electrophoresis curves. From the diminution of the peptide ‘peaks’ during 
the ripening of Herrgard cheese, it was evident that amino-acids were detached from the peptides 
at a faster rate than the hydrolysis of paracasein to peptides. Amino-acids may also be de- 
tached from the paracasein. The same authors tabulate the flavour of the constituent amino- 
acids of casein, and suggest that part of the typical flavour of various varieties of cheese 
may be attributed to characteristic grouping of amino-acids(71). Determination of threonine 
in ripening Gouda, Cheddar and Herrgard cheese has shown that although present in 
these varieties, the concentration of this amino-acid diminishes during ripening, and that ripe 
Cheddar contained least(72). Arginine and aspartic acid liberated during the ripening of 
Emmental cheese also suffer further changes, resulting in very low concentrations appearing in 
the finished cheese(73). In addition to the constituent amino-acids of casein, related compounds 
such as cysteic acid, sarcosine, citrulline, y- and «-aminobutyric acid, asparagine, and tyramine 
have been identified in four varieties of Czechoslovakian cheese (74), in particular the ‘Niva’ 
blue-veined cheese. In a study of the amino-acids of thirty cheese of fourteen varieties, it was 
observed that although the amino-acid balance varied, no type of cheese could be identified 
solely by-its amino-acid distribution(75). The outer, brownish portion of Gammelost of both 
Hardanger and Sogn types contains more amino and ammonia nitrogen than the interior. In 
addition to the amino-acids common to most cheese, ornithine is frequently found, and sometimes 
a-aminobutyric acid(76). In the ripening of commercial Swiss cheese, the concentration of 
aspartic acid and glycine tended to remain constant, while cysteic acid, proline, lysine and 
histidine tended to increase and threonine, serine, asparagine, glutamic acid, tyrosine, phenyl- 
alanine, and tryptophane tended to decrease(77). Propionic, butyric and higher acids were found 
in each of the thirteen cheese examined, and valeric acid in all but one. There was no relationship 
between the age of the cheese and its fatty acid content. A characteristic flavour of medium 
intensity required the presence of 1-2°% proline and 0-9°% propionic acid. Cheese of good flavour 
contained high concentrations of histidine. 

Some light on the nature of phosphorus-containing degradation products of casein has been 
furnished by Verdier(78). About 20% of the phosphorus of the acid hydrolysate was bound to 
serine, and the remainder was shared between threonine, three tripeptides and seven 
dipeptides. The polypeptides contained, in addition to serine, glutamine, valine, leucine and 
iso-leucine. A water-soluble polypeptide containing proline in considerable quantity, also 
alanine, glutamic acid and valine and others, was considered responsible for a bitter flavour in 
Gouda cheese, although substances of a similar nature could be isolated from normal cheese (79). 

The amino-acid balance of the equeous fraction of ripened Cheddar cheese differs from that of 
casein in some important directions (80). There are larger quantities of basic amino-acids, smaller 
amounts of proline, and ornithine, absent in casein, makes its appearance in the cheese. Groups 
of amino-acids are considered to make significant contributions to the flavour. In this work, 
some 8% of the ninhydrin-positive material remains unidentified. 
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Bacterial decarboxylases were considered responsible for the development of y-aminobutyric 
acid and an amine, tentatively identified as cadaverine. These appeared in appreciable quantities 
in two Cheddar cheese which had developed an offensive flavour and odour. Of a batch of seven 
these two were made from raw milk; the remaining five, made from pasteurized milk, ripened 
normally. Decarboxylation of tryosine to tyramine, glutamic acid to y-aminobutyric acid, or 
lysine to cadaverine, may occur during the ripening of certain commercial Cheddars (81). 

The values of pH, volatile acidity, and ketone content were determined on twelve aged Blue 
cheese. The best flavour was associated with the following values: pH 5-2, total volatile acids 
= 4-0 ml. n/10-NaOH per 10 g. cheese, and ketones 60-80 p.p.m. The latter increased from 6 to 
20 p.p.m. during 12 weeks of ripening, the pH rose to a maximum 5-6 after 8 weeks, while the 
volatile acids rose sharply for the first 2 weeks, fell during the third and fourth weeks, and then 
rose slowly (82). 

Dacre (83) made a detailed examination of the steam distillates of ripened Cheddar cheese, in 
an endeavour to identify the principal flavouring agent. There were present acetic, butyric and 
caproic acids, together with ethyl alcohol, ethyl acetate, ethyl butyrate, and butyraldehyde; 
but none of these, singly or grouped, could be identified as the typical flavouring agent. Although 
it could not be identified, its properties included the following: very volatile, insoluble in water, 
soluble in ether, acetone, chloroform and petrol, stable in neutral or acid conditions but unstable 
in alkalis, unstable towards oxidation or reduction reagents, and probably containing the 
elements C, H and O only. 


(h) Flavour defects 


A number of reviews on the flavour defects of milk and milk products have appeared since the 
previous report (84, 85, 86, 87, 88, 89,90). Following a report(91) that the sunlight-induced flavour 
of separated milk involves methione and probably riboflavin, Patton(92) was able to identify 
the flavouring agent as B-methylmercaptopropionaldehyde (methional), which appears as an 
oxidation product of methione, in the presence of riboflavin. As little as 0-1 p.p.m. of methional 
added to milk produced the off flavour. The sunlight-induced burnt flavour of homogenized milk 
is considered by Trout & Weinstein (93) to be caused by oxidative changes in one of the soluble 
proteins which manifests the properties of Aschaffenburg’s proteose. The fortification of milk 
with preparations of vitamin A has been found to render it susceptible to a sunlight-induced 
‘hay-like’ flavour. The change is oxidative, and concerns added vitamin A preparations rather 
than the native vitamin (94). 

Studies of taints produced by fat oxidation have been greatly advanced by the more general 
adoption of the sensitive method of Loftus Hills & Thiel, in which ferric thiocyanate is used for the 
determination of fat peroxide values. Stine(95) and associates finds that extraction of fat from 
milk, cream, condensed or dried milk by surface active agents in no way affects the accuracy of 
this method. Pont (96) observed that phosphatide-free milk fat containing copper (0-15 p.p.m.) 
oxidized in the dark at 30° C. at about the same rate as the fat in milk containing 1 p.p.m. of 
copper. An oily, metallic flavour was evident in the fat at peroxide values 0-3 and above. When 
emulsified into separated milk to give a 4% fat milk, the off flavour was similar to that of 
oxidized milk, but it lacked the ‘cardboard’ flavour which is produced by copper-induced 
oxidation of a constituent of separated milk. 

In view of the known anti-oxidant properties of gallates, it is of interest to note that the feeding 
of 10 g. propyl gallate per day to the cow has no effect on the susceptibility of milk to oxidative 
defects(97). Prevention of the copper-induced oxidized flavour in milk was achieved by the use 
of chelating compounds such as the disodium, disodium-calcium, or the tetra-sodium salts of 
ethylelediamine-tetra-acetic acid. An effective concentration was 5 g. mol. chelate per 1 g. atom 
copper. Smaller amounts will retard development of the taint and reduce its intensity (9). 
Ascorbic acid-depleted milk may sometimes be rendered susceptible to fat oxidation by addition 
of copper and ascorbic acid. When this occurs, Krukovsky (99) considers that some unidentified 
constituent of the aqueous phase is a governing factor. The excretion of this constituent is 
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influenced by the type of roughage and the physiological response of the cow. Complete and 
rapid oxidation of ascorbic acid in homogenized or non-homogenized milk gave a good measure 
of protection from daylight-induced oxidized taints. Control samples in which ascorbic acid was 
not removed gave pronounced off flavours when exposed to daylight(100). The presence of 
products of tryptic digestion of milk appear to exercise some measure of protection against 
oxidation (101). 

The characteristic flavour of buttermilk is considered by Mulder, Menger, Tiersma & 
Adamse (102) to be due to oxidation of material contained in the fat globule surface layer, more 
particularly lecithin. Flavour development also appeared to be connected with the destruction 
of ascorbic acid. 

From the C,,), C,. and C,, mono-unsaturated acids, lactones may be produced, causing coconut- 
like off flavours during storage of dried milk or dry butterfat. Vacuum packing of dried whole 
milk failed to prevent the taint (103). 

The problem of the development of fishiness in stored butter has been the subject of several 
investigations which, although providing no acceptable explanation of the various phenomena, 
have added further interesting information. For butter stored at —18° C., the taint appeared 
in winter butter but not in summer(104). Although favoured by the presence of copper and salt, 
added lecithin had no effect. Of various chemical determinations, only the peroxide value and 
the Schiff-Fellenberg aldehyde test showed any relationship to the development of fishiness. 
Pure butterfat stored at various temperatures developed a ‘cod-liver oil’ flavour rather than the 
typical fishy taint. Critical peroxide values for the development of the fishy taint were found by 
Jamotte and associates to be 1-0-1-1 by the ferric thiocyanate method. They observed that with 
butter stored at —10°C., the peroxide values provided a reliable index of storage deteriora- 
tion (105). As a criterion of keeping quality, the length of the induction period was found to be 
unreliable, from observations on twelve samples of sweet cream butter (106). 

Although the development of a fishy taint is considered to be favoured by high acidity, the 
presence of salt, omission of pasteurization, and the presence of copper and of borates, when 
butter was deliberately made under all these conditions known to be most favourable to the 
development of fishiness, it acquired a wide variety of objectionable flavours and odours, but 
fishiness was not one of them (107). The butters were stored in parchment-lined tins at 50—60° C. 
and were examined monthly. In no case did the level of trimethylamine exceed 3 p.p.m. It 
should be emphasized that although no fishiness had developed the butters were quite inedible 
and were extensively bleached. It is obvious that other factors at present unknown are involved 
in this taint. 


(2) ANALYSIS OF MILK AND DAIRY PRODUCTS 


Accepting the Rése-Gottlieb method as the standard analytical procedure for the determination 
of fat in milk and milk products, evidence continues to accumulate regarding the tendency of 
the Gerber test to give high fat readings. To bring the test into closer conformity with the Rése- 
Gottlieb determination, Radema & Mulder(108) recommend the use of a 10-77 ml. pipette instead 
of the customary 11 ml. graduation. For milk containing 2-6—4-9 % fat the discrepancy between 
the two methods should then be no more than 0-02%. Roeder(109) recommends a slightly lower 
pipette capacity, namely 10-7 ml. However, Aas(110) deprecates these proposals, pending 
international agreement on the matter, and suggests that a more convenient modification is to 
read the fat column at 50° C. instead of 65° C. The magnitude of the discrepancy is given by 
Valentinis(111) as 0-9-1-6°% in the determination of fat in the dry matter of hard cheese, and 
0-02-0-74 % for soft cheese. Closer agreement was given for fat in butter, and for milk, the dis- 
crepancy did not exceed 0-07%. He concludes that the Gerber test is suitable for routine work. 

The use of non-acid reagents in the Gerber test is again claiming attention, the emphasis now 
being laid on the desirability of using the existing Gerber bottles, whatever modifications may 
be made elsewhere. Thus, Effern (112) uses the existing Gerber bottle with 10 ml. milk, 11 ml. of 





150 Reviews of the progress of dairy science 


a solution containing 250 g. sodium salicylate, 55 g. sodium hydroxide, and 125 g. potassium 
carbonate per litre, and 1 ml. of isobutyl alcohol. Salerno(113,114) uses 11 ml. of a 65% solution 
of sodium salicylate, 1 ml. of isoamyl alcohol and 10 ml. of milk. Houston(115) also retains the 
existing Gerber bottle and the 11 ml. pipette for milk, but substitutes 10 ml. of special reagent 
for the customary 10 ml. of sulphuric acid and 1 ml. of amyl alcohol. The reagent consists of 
10 ml. of amy] alcohol, 150 ml. of methylated spirit, 130 ml. of a 30%, w/w, solution of sodium 
hydroxide, 125 ml. of saturated salt solution, 25 ml. of Teepol XL 10%, w/w, and 100 ml. of 
water. Although the use of a centrifuge is not necessary, the time of the test is considerably 
shortened thereby. 

The modified Gerber method for fat in cream has been examined by Lyons & O’Shea, who 
recommend as a basis for graduation 3-33 ml. for 60% fat, as compared with 3-41 in Great 
Britain, 3-43 in Germany, and 3-05 in France (116). 

For the determination of fat in cheese by the Gerber method Granville & Desmet(117) weigh 
about 2 g. of sample on a tared cellophane paper in which it is rolled like a cigarette and trans- 
ferred to the Gerber bottle containing 10 ml. of acid. Water is added to make up the weight of 
the sample to 11 g. The final reading is multiplied by the factor 11/wt. sample. This method 
introducing weighed quantities of solids or semi-solid dairy products into the Gerber bottle was 
also applied successfully to butter (118). Fat determinations by the Gerber method on blue cheese 
have been reported as inconsistent and rather high, due to the formation of esters by amyl 
alcohol and volatile acids in the presence of sulphuric acid (119). 

Since many differences of procedure and calibration of apparatus used in the Babcock test 
are apparent in countries where this test is generally adopted, the latest recommendations of 
the committee of the manufacturing section of the American Dairy Science Association (120) 
should do much to achieve standardization. As with the Gerber test, attempts have been made 
to replace sulphuric acid by a more convenient reagent. The ‘BDI’ test employs 18 g. of milk, 
5 ml. of a solution containing 7°% sodium tetraphosphate and 3% of a polymerized ethylene 
glycol non-ionic detergent (Triton X 100). After heating on a boiling water-bath for at least 
15 min., 50°% methyl alcohol is added to bring the fat to the graduations(121). This procedure 
gave low results when used with milk preserved with corrosive sublimate (122). Being perhaps 
the most used determination in the dairy laboratory it is fitting that the ‘formula’ method for 
total solids should be scrutinized from time to time. The formula in use in the Netherlands (123) is 


2-6 (100 H — 99-82) 
H > 





D=1-23 V+ 


where V = % fat, H =density at 20° C., after forewarming to 40° C., and D= % total solids. 

An examination (124) of 2752 samples of milk from individual producers delivered at sixteen 
milk-processing plants gave mean values for s.N.F. 8:73%, fat 3-98 % and specific gravity 
1-03191. The formula s.n.F. = 0-307 + 0-219 F + 0-237 L was found to apply. (F = % fat, L=lacto- 
meter reading.) 

A comparison of values obtained by the Richmond formula method and the gravimetric 
procedure was made on 1529 samples of cow’s and buffalo’s milk(125). Discrepancies were such 
that only about 40%, of the values agreed within + 0-25, and discrepancies up to +1-0% were 
recorded. The Recknagel effect was complete when the hydrometer readings were taken. Closer 
agreement was achieved by El-Sokkary & Hassan (126) in an examination of composite morning 
and evening samples from 100 cows and 100 buffaloes. Discrepancies ranged from —0-16 to 
+0-06. From Israel comes the report that discrepancies as great as 0-35% had been observed 
between the two methods(127). Heinemann, Cosimini, Jack, Willingham & Zakariasen (128) com- 
pared the values for total solids content of seventy-eight samples, using the Mojonnier gravi- 
metric method, the Babcock formula (1.s.=}1.R.+1-2F, where L.R. is the lactometer reading 
at 15-5° C.), and the Herrington modification of Sharp & Hart’s formula (T.s.=0-2594 (L.R. at 
30° C.+3-0)+1-2648 F). Mean values were 12-706% by the Motonnier method, 12-690 + 0-176 
by the Herrington formula, and 12-627% + 0-206 by Babcock’s formula. 
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The sources of error in these various formula methods are considered by Roeder(129) to be 
variations in the specific gravity of the milk constituents, which can cause a discrepancy of 
+0-15%, errors in determination of fat content, calibration and reading of the lactometer, 
corrections for temperature and surface tension, and residual milk from the previous test. The 
maximum total error is calculated to be + 0-318. 

In the gravimetric method for estimating total solids in dairy by-products, the fixation of 
volatile acids by addition of zinc oxide or sodium hydroxide gave consistently higher values than 
theconventional procedure (130), Oxidation of milk by ceric sulphate has been used by Leggatt (131) 
as a measure of the s.N.F. content. The sample is diluted 1:10, and 10 ml. added to 20 ml. dis- 
tilled water. Using ferrous o-phenentholine as indicator, the mixture is titrated with n/100 ceric 
acid. Of thirty-six milk samples examined, sixteen gave values identical with the gravimetric 
method, eleven differed by 0-1°%, seven by 0-2°% and three by 0-3 % (132). 

Standardization of methods of analysis of milk and dairy products is in progress in many 
countries, and several reports (133, 134, 135, 136,137,138) have appeared since the last review in this 
Journal. Using a rapid spectrographic method, Gehrke, Runyon & Pickett(139) determined 
Sn, Cu, Fe and Pb in milk and milk products with a precision of +5-8%, and made some 
interesting observations on the metallic contamination of evaporated milk stored at 37° C. in 
tinned iron cans. The concentration of tin in the evaporated milk increased from 20 to 97-4 p.p.m. 
after 50 days and to 215 p.p.m. after 340 days. The increase was rather less with ‘hot dipped’ 
cans. At room temperature the increases in tin concentration were approximately half those 
obtained at 37° C. All cans stored at 37° C. showed corrosion. After 318 days all the tin was lost 
from the inner surface of the cans, leaving only the tin-iron alloy. Over a period of 340 days the 
iron content increased from 6-5 to 16-5 p.p.m. No changes were observed in the copper and lead 
content which remained at 0-68 and 0-35 p.p.m. respectively. The pH fell from 6-20 to 5-55 in 
300 days. 

Trace elements in milk ash determined spectrographically have been reported (140) as follows: 
Sr, 1-10 p.p.m.; Zn, 30-300 p.p.m.; Mo, 10-20 p.p.m.; Cu, 50 p.p.m.; Al, less than 1 p.p.m.; 
Fe, 20-50 p.p.m.; Mn, 5-50 p.p.m.; Ag, 2-5 p.p.m. Boron was present in all samples. Using 
a polarographic method Rys(141) determined 0-25-0-45 p.p.m. of copper in milk. The polarograph 
was also used successfully for an indirect determination of calcium in the ash of milk and blood 
serum (142) with an accuracy of +3%. For the determination of copper in oils and fats Abbott & 
Polhill (143) extract the metal as the dibenzyldithiocarbamate. The determination is accurate 
within the range 0-02-2-00 p.p.m., and may be completed within 2 hr. 

The ethylenediamine-tetra-acetate (EDTA) determination of calcium in milk and milk 
products is possible only when steps are taken to overcome the interference of phosphates. This 
is achieved by Gehrke, Affsprung & Lee(144) by ashing, dissolving the ash in hydrochloric acid, 
adjusting the pH to 3-4, and passing through a column of anion exchange resin 1 R-4 B (chloride 
form). The effluent and washings are rendered alkaline and then titrated with EDTA, using 
murexide as indicator. Malkki(145) recommends adding an excess of EDTA and back titrating 
with standard calcium solution. Calcium and magnesium may be determined by precipitating 
the trichloracetic filtrate or the hydrochloric ash extract with oxalate. Calcium is separated by 
centrifugal force and magnesium determined in the supernatant by titration with EDTA using 
eriochrome black indicator. The calcium precipitate dissolved in hydrochloric acid is treated with 
the magnesium complex of EDTA, whereby the magnesium is replaced by calcium. The liberated 
magnesium is then titrated with EDTA (146). 

A method for the determination of iodine in blood serum has been adapted for milk. It 
involves ashing 10 ml. of milk with 1 ml. of a solution containing 2°% NaOH and 1% KNO,, and 
extracting the ash with slightly alkaline water. lodine is determined by its effect on the rate of 
reaction between ceric sulphate and arsenious acid (147). 

The effect on the composition of the ash of additions of alkali to milk and dairy products has 
received further attention (148). The insoluble portion of normal milk ash is essentially calcium 
sodium phosphate and calcium potassium phosphate. There is normally very little carbonate 
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present in the water-insoluble fraction. Addition of alkali to milk before ashing has the effect 
of introducing carbonate into this fraction in the form of a double salt of sodium carbonate and 
calcium alkali phosphate. As the addition of alkali to milk is increased hydroxy-apatite is also 
introduced into the water-insoluble ash. The importance of direct determination of lactic acid in 
milk and dairy products is reflected in the attention paid to suitable methods of procedure. 
Hullin & Noble (149) use the p-hydroxy diphenyl micro method; Kleinert (150) found good agree- 
ment between the distillation method of Troy & Sharp, and the p-hydroxy diphenyl method of 
Davidson, and successfully modified the latter for the analysis of cheese; and Elsden & Gibson (151) 
have re-examined the ceric sulphate method of Gordon & Quastel (152). In the latter, oxidation 
of lactic acid by ceric sulphate and sulphuric acid produced acetaldehyde which was removed by 
a stream of nitrogen gas, trapped in sodium bisulphite and estimated iodometrically. Elsden & 
Gibson found that rapid removal of acetaldehyde was essential, otherwise losses occurred by 
further oxidation to acetic acid. Similarly, only slight excess of ceric sulphate was permissible. 
They used rapid steam distillation to remove acetaldehyde which was absorbed by bisulphite 
and determined with iodine. The determination of lactic acid in milk by this method is possible 
only after removal of protein and lactose by Ca(OH),—CuSO, treatment. 

Hydrolysis of lactose in milk may be detected by paper chromatography in butanol-acetic 
acid of the acetic acid or rennet serum. Aniline phthalate is used to develop the spots. In day- 
light, 1% hydrolysis may be detected, and in ultra-violet light 0-1% (153). Hippuric acid has 
been identified in the ether extract of an acidified tryptic digest of skim milk (154). It is considered 
to be a normal constituent of the non-protein fraction of milk. An analysis of fourteen samples 
of skim milk gave values ranging from 31 to 64 p.p.m. hippuric acid. Over an observation period 
of 6 months there was no seasonal trend. Methods for the determination in milk of adipic acid (155), 
arachidonic, linoleic and linolenic acids(156), and for the detection of modern preservatives (157), 
nitrates (158), and water-soluble coal tar dyes (159) have been published since the previous review. 

A new method for the determination of milk protein is being developed by Hansson (160), 
The sample is divided into two portions, one being deproteinated by copper sulphate or 
aluminium sulphate, while the other is treated with sodium hydroxide to disperse the protein. 
Fat in each portion is removed by centrifugation. Under standard conditions the difference in 
refractive index between the two portions is directly related to the protein content. The method 
gives results which agree with those obtained by the Kjeldahl method, and has the great 
advantage of rapidity and simplicity. Miller(161) uses the quantity of ammonia liberated by 
boiling milk with sodium hydroxide as a means of determining the protein content. Since the 
evolution of ammonia is not complete within a reasonable time, the method is, of necessity, 
empirical. However, it agreed reasonably well with the Kjeldahl determination according to 
Karunina & Shilovich (162), who found that 81° of the samples examined were within +3°% of 
the Kjeldahl values. For casein determination only 77% of the total fell within the same range 
of accuracy. The formol titration method was found to be less accurate than direct distillation 
with sodium hydroxide. Under strictly standard conditions, the biuret method may be used to 
determine the soluble protein content of dried skim milk (163), Casein is precipitated with 40°, 
salt solution, and the filtrate treated with trichloracetic acid. After centrifuging, the supernatant 
liquid is drained away, the precipitated soluble proteins dissolved in sodium hydroxide, and 
5% copper sulphate added. The mixture is centrifuged and the colour read with reference to the 
blank at 560 mp. Errors due to the reaction of lactose are standardized and compensated in the 
calibration curve. 

The role of the amino group of lysine and possibly guanidine groups is discussed by Schober & 
Fricker (164) in their bearing on the formol titration. In general, good agreement was obtained 
between Pyne’s formol method and the Kjeldahl method, but it was noticed that discrepancies 
were greater at the beginning of lactation and when the cows received the winter feeds(165). 
A standard procedure has been proposed by Schulz, Voss, Mrowetz, Leder & Warnecke (166) based 
on observations on the effect of concentration of added oxalate, of phenophthalein, of time lapse 
between addition of the reagents, of formol acidity, and of the quality of the source of light. 
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By crystallization from absolute alcohol, Greenbank (167) obtained from butterfat a number of 
fractions with melting-points ranging from 56 to —11-8°C., the characteristics of which are 
shown in Table 2. 


Table 2 
Group 1 Group 2 Group 3 
Percentage 20 54 25 
Physical nature Hard, waxy Soft Liquid at room 
temperature 

Saturated acids (%) * 92-83 79-67 39-36 
Unsaturated acids (%) 5-14 16-28 55-57 
Volatile acids (%) — 1-4-10 11-13 
Melting-point (° C.) 56-40 31-20 -4to -11:8 
No. of fractions 6 3 3 


Observations on the properties of the water-soluble carbonyl compound isolated from oxidized 
milk fat lead to the conclusion that it is malonic di-aldehyde and not its isomer epihydrin 
aldehyde which is responsible for the colour reaction in the Kreis test (168). Diacetyl in starter 
cultures may be determined by steam distillation, conversion to dimethyl glyoxime and spectro- 
photometric measurement of ultra-violet absorption at 226 my. Acetyl methyl carbinol does not 
interfere with the determination, but attempts to use the method for butter without preliminary 
distillation proved unsuccessful (169). 

By absorption on a silicic acid column it is possible to separate and determine acetic, propionic 
and butyric acids in cheese. The column is prepared in three sections: (1) silicic acid buffered 
to pH 6-5, (2) above this a shorter column of acidified silicic acid, and (3) the uppermost column 
of a mixture of cheese with silicic acid the mixture being adjusted to pH 1-7—2-0 by addition of 
sulphuric acid. The solvent is butanol-chloroform mixture in which the proportion of butanol is 
raised by stages from 1 to 20%. The method is thus able to dispense with the customary distilla- 
tion, and gives more than 90% recovery of these acids when added to cheese as the sodium 
salts (170). The method was found to give full recovery of added acids in day-old cheese, and it is 
suggested that the presence of amino acids in older cheese hinders the elution of the volatile 
acids(171). Acids produced in cheese have also been determined by dehydrating the sample with 
anhydrous sodium sulphate and mixing with sodium hydrogen sulphate to bring the pH to 1-5, 
followed by ether extraction in the Soxhlet extractor. They are subsequently titrated and identified 
by paper chromatography. The presence of caproic, caprylic capric, and higher acids, together 
with butyric acid in Swedish hard cheese, gave evidence of fat hydrolysis which, hitherto, the 
customary distillation methods had failed to reveal(171). Ether extraction has also been used for 
the detection of preservatives in processed cheese (172). The ether extract is evaporated and the 
residue chromatographed on paper using butanol-ammonia-water solvent. A mixture of brom- 
phenol blue and methyl red at pH 7-2 is used to develop the organic acids, and a solution of the 
diazonium chloride of sulphanilic acid in sodium carbonate is then used to demonstrate 
p-oxybenzoic acid and decomposition products of tyrosine and phenylalanine. The method has 
been used to examine the naturally occurring acids and related products, and to detect the 
presence of added preservatives such as benzoic acid, p-chlorbenzoic acid, etc., of which the Rr 
values are given in the original paper. 

Amino-acids in cheese have been separated and determined by dissolving in sodium citrate 
solution, removal of p-casein by adjusting the pH to 4-4, fixing the amino-acids on a column of 
Zeo-carb 215, followed by elution of amino-acids with ammonia. The ammoniacal eluate is 
chromatographed on paper. By this method thirteen amino-acids were detected in Provolone 
cheese (173). As indices of the concentration of soluble nitrogen and hydrolysed amino-acids, 
Petronici(174) determines tryptophane and the tryptophane-tyrosine complex respectively. 
Ammonia in cheese has been determined by preparing a sodium citrate emulsion, precipitation 
with trichloracetic acid, and absorption of ammonia from the neutralized filtrate by acid per- 
mutit. The suspension of permutit and sodium hydroxide is treated with Nessler’s solution, and 
the depth of colour equated to percentage ammonia by reference to a standard curve(175). 
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The efficient sampling of Cheddar cheese with the minimum of commercial damage has been 
the subject of extensive inquiries by Price, Winder, Swanson & Sommer(176). Moisture determina- 
tions upon cores taken from various parts of a 75 lb. cheese led to the conclusion that a true 
estimate of the moisture content of the whole cheese was given by two cores approx. ? in. 
diameter taken at the centre of each flat surface (i.e. along the axis of the cheese). 

To expedite the determination of moisture in cheese, Schulz & Mrowetz(177) weigh a 5 g. 
slice of cheese less than 1 mm. thick, between two sheets of unlacquered aluminium foil 15 x 19 em. 
x 0-015 mm. thickness. The cheese is pressed to cover a circular area 10 cm. diameter, the sheets 
separated and placed in an oven at 105°C. for 14 to 2 hr., by which time constant weight is 
usually reached. The sheets are closed for weighing. If pressed to cover an area of at least 12 cm. 
diameter, the time of drying may be reduced to $ hr., in an oven at 125-130° C. The balance, 
press, and oven are described in a later paper(178). 

The observation by Villechevrolle(179) that in a solution containing sucrose and lactose only 
the sucrose is hydrolysed by boiling for 10 min. with 10% by volume of N H,SO, is utilized in the 
determination of sucrose in condensed milk. Fructose is determined in the milk serum before 
and after hydrolysis, and the difference is calculated as sucrose. 


The writer of this review gratefully acknowledges assistance afforded by ‘Dairy Science 
Abstracts’ and by ‘Analytical Abstracts’ of the Society for Analytical Chemistry. 
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